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1. INTRODUCTION 


ie E Objectives of This Submission 


On March 27, 1981, The Province of Ontario prepared 
and presented "An Expanded Submission to the United 
States Environmental Protection Agency Opposing 
Relaxation of SOz Emission Limits in State Implementation 
Plans and Urging Enforcement". This document clearly and 
forcefully presented Ontario's position (backed by 
factual information and data) with regard to 
transboundary air pollution and its consequences to the 


Province. (See Appendix 1.) 


Further, on June 19, 1981, representatives of the 
Ontario Ministry of the Environment, on behalf of the 
Province, presented scientific and technical evidence on 
transboundary air pollution to a Hearing Panel of the 
United States Environmental Protection Agency in 
Washington, D.C. in the matter of Interstate Pollution 
Abatement. At those Section 126 Hearings, the Ontario 


presention had two main thrusts: 


1. To illustrate the effects of transboundary pollution 
on the New York, Pennsylvania and Ontario regions. 


2. To present to EPA a "Case Study" of how a jurisdic- 
tion at the State level (Ontario) can control 
aggregated SO» sources in relation to transboundary 
pollution, and to show how it is possible to use 
long range transport modelling in the consideration 
and control process. 


A printed version of the evidence presented at the 
June 19, 1981 Hearings can be found in Appendix 2 of this 
document. The material contained in this present 
submission is supplementary and complementary to that 
evidence. 

This presentation will directly address the points 
outlined in the Federal Register, Volume 46, No. 84, 


Friday May 1, 1981. In particular, this. material will: 


1. Illustrate the "regional" as opposed to the "local" 
nature of the phenomenon of long range transport. 
In its March Submission, Ontario stressed the point 
that this Province shared a regional "“airshed" with 
the Northeastern United States and that the most 
environmentally sensitive part of Ontario is 
literally wedged, (See Map 1.1), in the middle of a 
highly industrialized group of states and therefore 
Ontario's environment must be studied, assessed and 
protected in close concert with the U.S. Ontario 
maintains that the airshed of concern here is common 
to many States and Provinces and that pollution 
control must be a shared responsibility of all 


parties of that airshed. 


2. Demonstrate that the adequate management of this 
problem necessitates jointly addressing the issues 
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MAP 1.1 The Province of Ontario, shown relative to the Eastern 
part of the U.S. The shaded areas approximate environ- 
mentally sensitive terrain with lakes susceptible to 
precipitation acidity. The bulk of this terrain lies 


on the geological formation known as the Canadian 
Shield. 


(a) aggregate pollutant sources versus single 


sources. 


(b) multiple versus single pollutants, i.e., no one 
pollutant such as SO9, particulate matter or 
ozone can be considered in isolation and that 
secondary pollutants such as nitrates and 
sulphates which are products of long range 
transport and atmospheric transformation must 
also be included in this investigation. 
Ultimately, consideration of the deposition of 
acidic materials must enter into this complex 


discussion of source-receptor relationships. 


Further, we will outline, using the "Case Study" 
technique, that it is currently possible to use long 
range transport models to assist in developing 


appropriate abatement strategies. 


Finally, this document is submitted in the spirit of 
the announcements in the Federal Register, Volume 46, 
No. 176, Friday, September 11, 1981 regarding the 
relevance of additional information in the Section 126 


process. 


2 Organization of This Submission 


The organization of the material in this submission 
is designed to convey a feeling of the scope of the 
phenomenon and therefore the need for Government Agencies 
to consider the Long Range Transport of Air Pollutants 
when attempting to deal with emissions of Ssh (rants, 
which up to this point have been dealt with, or 


regulated, for local purposes only. 


Beginning with a short summary of the major legal 
points taken from the Ontario Government's June 19, 1981 
presentation, the emphasis shifts to outlining in detail 
a comprehensive technical case. Emissions are quantified 
in Chapter 3; then tHe means by which these emissions are 
transported vast distances, from the various sources, is 
established, with reference to specific documented 
episodes in Chapter 4. Chapter 5 emphatically demon- 
strates why, by discussing atmospheric chemistry, the 
historic way of dealing with pollutants on an individual 
source and individual or "primary" pollutant basis, has 
aggravated the long range transport of air pollutants 
phenomenon. This is because secondary pollutants were 
not considered. Chapter 6 then details the various means 
by which the primary and very important secondary 
pollutants are removed from the atmosphere and deposited 
in the environment. Chapters 7 through 10 deal with the 


problem of modelling this phenomenon, from source to 


receptor, and discuss the Ontario Ministry of the 
Environment's model, the setting of standards in Ontario 
and the application of models to assist in the 


development of a multiple source abatement strategy. 


Chapter 11 deals with the financial implications of 


SO2/NO, reductions in U.S. power plants. 


Finally the remaining four chapters, Chapters 12 
through 15, discuss the effects of primary and secondary 
pollutants on the environment of Ontario, thus 


substantiating the need for action at this time. 


2. SUMMARY OF LEGAL ASPECTS 


On May 28, 1981, Ontario filed with EPA a request 
"that EPA expand the scope of the Hearings it has 
announced under Section 126 of the Clean Air Act to 
include closely related information that is relevant to 
the Agency's obligations under Section 115 of the Clean 
Air Act". (See Appendix 2, page 5 of Mr. Scott's 


Introductory Remarks. ) 


At the outset of the Hearing on June 18, 1981, EPA 
announced its determination not to burden the proceeding 
by considering international implications under Section 
115. Ina statement presented by Bruce Terris at the 
Hearing on June 19, Ontario's position was restated in 
that when the time comes for EPA to consider the remedies 
for transboundary pollution, it is essential that 
interstate pollution in the northeastern United States 
and international pollution in Canada be considered 
together. Ontario's views on EPA's obligation under 
Section 115 are set forth in a written request of May 28, 


1981 to expand the scope of the Hearing. 


Mr. Terris’ statement of June 19 also addressed the 
status of the Hearings under Section 126. Mr. Terris 
drew the conclusion on the basis of arguments set forth 
in his statement that if EPA tentatively decides to grant 


the petitions, it must then publish a notice of proposed 


rulemaking. After that notice is published, and after 
EPA has satisfied the requirements of producing informa- 
tion, the Agency is then required to give interested 
persons another opportunity to submit comments, orally 
and in writing. Ontario will take the opportunity at 
that time to file updated comprehensive material in 
relation to any proposed rulemaking. This stage of the 
proceedings therefore requires determination of the 
threshold question whether the evidence submitted by the 
petitioning states and others calls for an affirmative 
finding under Section 126. The second stage centres on 
EPA's proposed determination and the evidence as produced 


and placed on the rulemaking record. 


The second point addressed by Mr. Terris was EPA's 
basic responsibility in these proceedings. On June 19, 


1981 he stated: 


"Congress has plainly told EPA in 1970 and, 
more emphatically, in 1977, that interstate 
pollution problems are to be resolved and that 
Section 126 is to be a mechanism to resolve 
them. Thus, EPA does not have the choice to 
allege lack of scientific certainty, to note 
the procedural or remedial difficulties or to 
raise other problems as reasons to throw up its 
hands. Instead, Congress imposed on EPA the 
duty, we submit, the nondiscretionary duty, to 
construe Section 126 so that it will work." 


The third point addressed in Mr. Terris' statement 
is the placing of the burden in this proceeding. Clearly 
the petitioning state agencies have the initial responsi- 
bility to trigger Section 126. Nevertheless, EPA bears 
the responsibility to gather information relevant to 
these petitions, not to sit as a passive judge deciding 
whether the petitioners have met their burden of proof. 
It is not an umpire calling balls and strikes. Legal 
authority is cited for the proposition that EPA has the 
overriding responsibility to carry out the Act, including 
the prevention of interstate pollution. Whether the 
interstate impacts are examined in the context of review 
of a SIP or of a SIP revision or in response to a 
petition under Section 126, EPA retains the ultimate 
responsibility to ensure that interstate impacts 


prohibited by the Act are not occurring. 


Fourthly, Mr. Terris submitted that the evidence 
presented in this proceeding by the petitioners and by 
Ontario and others, demonstrates conclusively the serious 
transboundary pollution problem affecting the north- 


eastern United States, as well as Canada. 


Fifthly, Mr. Terris' statement rejected the notion 
that lack of sufficient information requires that no 
action be taken until elaborate research programs are 
completed. Congress wanted EPA to act even where the 


scientific certainty could not be achieved. Legal 


authority was cited for the proposition that since the 
Statute is precautionary in nature, it is the duty of EPA 
to carry out the statute using the best information 


T}, 
avallable. 


Sixthtiy, Mro Terris’ rejected the notion that Section 
126 is violated’ only if the pollutants transported from 
out-of-state sources make it impossible for the receptor 
state to achieve attainment with the National Ambient Air 
Quality Standards. He submitted that the language and 
legislative history of Section 126 make clear that the 
Section applies if the source state significantly inter- 
feres with the attainment or maintenance of the national 
standards. We submit that this test is plainly satisfied 
when significant amounts of pollution are transported 
into the recipient state and, as a result, the recipient 
state is forced to impose significantly more stringent 
requirements on its pollution sources than the source 
state. In these circumstances, we submit that Section 
126 has been violated even if there is no current 


violation of national standards. 


The seventh point addressed by Mr. Terris was the 
question of considering the cumulative impacts of 
sources. It was pointed out that EPA had itself taken 
the position in legal proceedings that Section i26 will 
be an appropriate forum of evaluating claims regarding 
cumulative out-of-state sources if Section 126 is not to 


be left an empty shell. 


= tle» 


The following material is submitted to further 


substantiate the scientific and legal arguments presented 


in Washington during the June 19, 1981 Hearing Process. 


at One 


3. EMISSIONS 


In both the March 27th and June 19th submissions, 
pollutant emissions were discussed with relation to their 
impact on New York, Pennsylvania and Ontario following 
transport to these regions. This topic has been 
thoroughly reviewed and reported upon in January, 1981, 
by the Work Group 3B1 of the Memorandum aE Intent and 
updated by Work Group 22 in July, 1981. Below is a 
summary of the available information on sulphur dioxide 
and nitrogen oxide emissions for the eastern North 


American Region. 
cio Current Emissions of SO» 


The total SO 9 emissions for North America in 1980 
are estimated to be about 33.6 million tonnes with the 
ratio of U.S. to Canadian emissions at 7. to l. Thermal 
power plants (mainly coal-fired) are the primary source 
and contribute about 49% to the total U.S.-Canada SO» 
emissions. The primary contributor to present SO, 
emissions differs in the U.S. and Canada. In the United 
States, power plants are the main source (55%) whereas in 
Canada, it is the non-ferrous smelters (43%). In actual 
quantities, U.S. power plants emitted about 15.8 million 
tonnes in 1980 and the Canadian non-ferrous smelters 


about 2.0 million tonnes. 


Current emissions of SO» for the contiguous U.S. are 
about 28.8 million tonnes with 71% of these emissions 
(20.4 million tonnes) arising from sources located in the 
eastern U.S., i1.e., in states east of the Mississippi 
River. Thermal power plants, the primary source, 
contributed about 55% to the U.S. total. In 1980 the 
fitty largest utility point sources of SO» emissions in 
Cieawu@ow. emitted 7.5 million tormnes, about 264. of the 
U.S. total. As these 50 utility sources are located in 
the eastern U.S., they contribute about 37% of S05 


emissions there. 


For Canada, estimated SO» emissions in 1980 are 4.8 
million tonnes with about 83% of these emissions (1.e., 
4.0 million tonnes) arising from sources located east of 
the Manitoba-Saskatchewan border (i.e., eastern Canada). 
Non-ferrous smelters (mainly copper-nickel) are the 
primary source and contribute about 43% of the total. 
Other industrial sources contribute about 22% and utility 
combustion sources contribute about 14% of the Canadian 
total SO, emissions. In 1980, the ten major SO point 
sources contributed 2.6 million tonnes, about 54% of the 


total emissions. 


For eastern North America, the 1980 SO j emission 
estimate is 24.4 million tonnes and the ratio of U.S. to 


Canadian emissions is 6.1 to 1. Thermal power plants are 


the primary source and contribute about 62% of the total 
emissions there. For the eastern U.S., approximately 71% 
of the SO9 emissions come from utility combustion 
sources, the highest density of which occurs in the upper 
Ohio River Valley Region. Non-ferrous smelters 
contribute less than 1%. For eastern Canada, 
approximately 51% of the SO» emissions come from six 
copper-nickel smelters, two of which are located in each 
of the Provinces of Manitoba, Ontario and Quebec. Power 
plants contribute only 16% of the SO5 emissions in 
eastern Canada, and are primarily sources located in 
southern Ontario. In 1980, the top 50 point sources of 
SOz emissions in eastern North America emitted 9.2 


million tonnes of SO5, about 38% of the regional total. 
ES re Current Emissions of NO, 


The total NO, emissions for North America in 1980 
are estimated to be about 22.1 million tonnes with the 
ratio of U.S. to Canadian emissions at 11 to 1, and about 
41% of the emissions come from the transportation 
sector. The utility sector contributes about 27% of the 
total NO, emissions. The primary NO, emission source in 
both the U.S. and Canada is the transportation sector 
(40% in the U.S. and 50% in Canada). NO, discharges from 
power generating stations contribute about 28% to the 
total NO, emissions in the U.S. and about 14% to the 


Canadian total. 


Current emissions of NO, for the contiguous U.S. are 
about 20.2 million tonnes with about 85% of the emissions 
occurring in the eastern U.S. For Canada, estimated NO, 
emissions in 1980 are 1.8 million tonnes, with about 65% 
of these emissions (i.e., 1.2 million tonnes) arising 
from sources in eastern Canada. For eastern North 
America, present NO, emissions are about 19.0 million 
tonnes. The ratio of U.S. to Canadian emissions in the 


east is roughly 16 to l. 


345 Natural Emissions of Sulphur 


The total natural emissions of sulphur into the 
atmosphere in Canada have recently been estimated to be 
0.51 million tonnes of S. Of this total, biogenic 
emissions accounted for 0.32 million tonnes. For eastern 
Canada, natural emissions of sulphur are about 0.30 
million tonnes (58% of the Canadian total) with biogenic 
emissions contributing 0.20 million tonnes. In contrast, 
preliminary biogenic sulphur emission estimates for the 
eastern U.S. (SURE region) are less than 0.10 million 
tonnes S with about 50% of the emissions occurring in the 


summer. 


3.4 Primary Sulphate Emissions 


The principal primary sulphate inventories for the 
eastern U.S. (SURE region) vary considerably in their 
estimates. Preliminary indications are that primary 
sulphate emissions for this area are less than 1.0 
million tonnes/yr. This issue is currently being 
addressed by Work Groups 2 and 3B of the U.S./Canada 


Memorandum of Intent. 


34.5 Seasonal Differences 


Seasonal variations in the sulphur dioxide and 
nitrogen oxide emissions for the various EPA regions in 


eastern North America appear to be insignificant. 


3:6 Emissions Summary 


Therefore, the thermal power plants and the 
transportation sector in the eastern United States are 
primarily responsible for the sulphur dioxide and 
nitrogen oxide emissions respectively. The contributions 
of primary sulphates and natural sulphur compounds to the 
emissions total are insignificant. As well, seasonal 
variations in emissions are considered to be small when 


compared to the total outputs. 
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4. METEOROLOGY, LONG RANGE TRANSPORT 


AND POLLUTION EPISODES 


The regional transport of pollutants over hundreds 
or even thousands of kilometres before they are wet or 
dry-deposited to the earth's surface has been described 
by numerous authors.1-13 several of these studies are 
concerned with the long range transport of pollutants 
into Ontario from the highly industrialized regions of 
the United States, south of the Great Lakes. The 
meteorological conditions which prevail when these 
materials are transported into Ontario are associated 
with a high pressure system located over, or to the east 
("back of the high") of, Southern Ontario. *"*By contrast, 
lower pollutant concentrations are associated with days 
when a high pressure system is located to the west of the 
region ("front of the high"). The flow of air under the 
"back of the high" situations is from south of the Great 
Lakes, thus traversing a region of high emissions, while 
under "front of the high" situations, air flow is from 


north of the Great Lakes over a region of low emissions. 


In this presentation we will show that transboundary 
transport of air pollutants is occurring and that these 
air pollutants are causing environmental problems for 
this Province. The case histories presented for Ontario 


are indicative of typical long range transport incidents 


se 19-- 


which would also affect such states as New York and 


Pennsylvania. 


‘This Section 126 “Hearing was designated to examine. 
effects ofsemissions on National: Ambient Air Quality»: 
Standards. In this» section Ontario wishes ‘to discuss: the 
long range«transport of such pollutants as°SO 5, ‘ozone and 
particulate matter. Since we are dealing with long range 
transport;:-time is available for atmospheric chemistry to 
alter these pollutants .to form other secondary 
constituents such as sulphates and nitrates. It 1s our 
contention that when dealing with particulate matter, 
sulphates and nitrates must. be considered as part of the 


entire picture. 


It: should: also be pointed out’ that Ontario air 
standards and/or; ambient air quality criteria are 
different from those in the United» States.’ In some cases 
therefore, standards or criteria are exceeded in Ontario, 
while the pollutant levels would have been in compliance 
in the United States. Therefore as a result of emissions 
in areas remote» from Ontario, and the subsequent long 
range. transport and transformation of these materials, 
this: Province’ is, as is pointed.out in the following case 
histories, prevented from attaining and maintaining its 


objectives for ambient air quality. 


4.1 Sulphur Dioxide 


Traditionally transboundary air pollutant movement 
studies have involved ozone and fine particulate matter. 
However, Ontario has also documented the movement of 
gaseous sulphur dioxide into its airspace. One such 
major event occurred in February, 1979 when the 
concentrations of SO95 and particulate matter were 
elevated and these concentrations led to the requirement 
of a reduction in emissions by industries in three 


Ontario cities. 


On February 19 and 20th, 1979, a large high pressure 
area moved eastward from south of the Great Lakes to the 
Atlantic coast. Prior to the 19th, Southern Ontario and 
the Great Lakes States were under the grip of a prolonged 
cold, dry spell with temperatures averaging about -15°C, 
the cold weather causing a higher energy demand for 
heating which resulted in more emissions of SO, and 


particulate matter than normal. 


As winds shifted in Southern Ontario on the 19th to 
the south and southwest behind the high pressure area, 
SOg concentrations began to increase across the entire 
Ontario monitoring network. The air mass was very stable 
with an intense nocturnal ground-based inversion and 


Overrunning warmer air aloft. This warmer air formed a 


strong lid limiting the vertical mixing and providing the 
conditions for the extended transport of pollutants in 
higher concentrations into and across Southern Ontario 


during the 19th and 20th. 


With the establishment of southerly winds in 
Southern Ontario, SO5 concentrations began to increase at 
all stations in the monitoring network. The increase 
began in the southwest late on the 19th and in the 
eastern portion of the Province by mid-day on the 20th. 
Twenty-four hour average concentrations on the 19th 
ranged from non-detectable levels to a maximum of 0.04 
ppm while on the 20th the average levels were as high as 
0.10 ppm with peak hourly average concentrations up to 


0.22 ppm. 


Theevidence’ of the” distant” transport’ of S05°1s 
clearly indicated by the measurement at rural stations. 
Inverhuron on the shore of Lake Huron which rarely 
records hourly levels above 0.02 ppm recorded a 24-hr. 
average 0.04 ppm on the 20th. The rural Simcoe station 
located north of Lake Erie recorded a 24-hr. average of 
0.07 ppm. There are no significant local sources of SO9 
downwind of these stations in the southwest or south 
directions. Based on the concentrations at these rural 
monitors, it has been estimated that about 50% of the 
Sulphur dioxide measured in Ontario originated in the 


United States. 


Total suspended particulate matter (TSP) measured by 
high volume samplers on the 20th was well above normal 
for a mid-winter day averaging 90 ug/m3 for both urban 
and rural locations. Over one-third of the monitoring 
stations exceeded the Ontario desirable criterion for 
particulate matter of 120 ug/m3. Several other stations 


were within 10% of exceeding that figure. 


The sulphate component of the TSP was also much 
higher than normal during winter providing further 
evidence of long range transport. The sulphate component 
averaged almost 30% of the TSP measured. The maximum 
sulphate concentration measured on the 20th was 67.5 


ug/m>. 


Reduced visibilities have been related to high 
sulphate concentrations.14 visibilities at Ontario 
airports were at 20 km on the afternoon of the 19th prior 
to the incident. On the afternoon of the 20th the 


visibilities were reduced to the range of 5 to 10 km. 


Nitrate concentrations in particulate matter were 
also high, accounting for from 4-14% of the particulate 
concentration. The combination of sulphate and nitrate 
in the measured particulate matter, therefore comprised 


between 20-and 47%. 


During the incident of February 19-21, the Ontario 
Air Pollution Index (API) Alert System, designed to 
protect public health, reached the Advisory Level of 32 
in three Ontario cities where significant sources were 
requested to curtail operations. Sarnia in the southwest 
was the first to reach 32 at 1000 LST (Local Standard 
Time) of the 20th. The API peaked at 43 at 1500 LST and 
remained at that level for six hours. Hamilton reached 
32 at 0400 LST and Toronto at 0600 LST of the 2lst. The 
maximum API at Hamilton and Toronto were 34 and 33 
respectively. Although the API was high in the other 


Ontario cities, the Advisory Level was not exceeded. 


The air entering Ontario on the 20th and 2lst has 
been traced by back-trajectory analysis to the area south 
of the Great Lakes, a region of high SOj emissions. When 
the winds shifted to the west and northwest on the 22nd, 
concentrations of sulphur dioxide fell to near zero at 


rural monitoring sites. 


Although the incident described above reached major 
proportions with regard to the degree and extent of 
elevated SO» concentrations and the consequences thereof, 
Ministry monitoring programs have recorded a few moderate 
events each year and numerous minor intrusions of SO9 
into the Province as a result of long range transport 


from the area to the south of the Great Lakes. 


452 Particulate Matter 


The Ministry of the Environment monitors total 
suspended particulate matter using glass fibre filters in 
a high volume sampling network across the Province. 
Regional episodes of elevated total suspended particulate 
often have associated with them higher levels of 
Sulphates and nitrates than are normally monitored. 
Although it is now generally accepted that errors can 
occur when sampling sulphates and nitrates on glass fibre 
filters, the concentrations presented are relative in 
nature and the elevated levels are indicative of episodes 
of long range transport of these secondary pollutants. 
Artifact sulphate is formed from absorption and conver- 
sion of sulphur dioxide, contributing possibly up to 5 ug 
of sulphate per cubic meter of air sampled. The 
Magnitude of errors associated with particulate nitrate 
sampling is more difficult to assess, since both positive 
and negative interferences are possible and to date have 


not been reliably estimated. 


4,261 Sulphates in Particulate Matter 


Studies of sulphates in particulate matter in 
Ontario, eastern Canada, and the northeastern United 
States!-9 have shown that high sulphate concentrations 


are generally associated with air flows from the region 
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south of the Great Lakes. As with other pollutants 
involved in long range transport,-,1!, lower sulphate 
concentrations were measured on days with northerly air 
flows. At Simcoe, a rural monitoring site located near 
the northern shore of Lake Erie, the average sulphate 
concentration during the 1976-80 period was 6.3 ug /m3 
when the prevailing weather pattern had a high pressure 
centre to the west of Southern Ontario ("front of the 
PLO NOLcherdy, winds) cand,1 2.3 ug/m3 when a high 
pressure centre lay to the east ("back of the high," 
southerly winds). In Toronto, an urban monitoring site, 
located near the north shore of Lake Ontario, the 1976-79 
average concentration of sulphate was 7.2 ug/m? for 
"front of the high" situations and 14.6 ug /m> for the 


"back of the high" conditions. 


Since the centres of high pressure are generally 
Stable parcels of air, sulphates and their precursor, 
sulphur dioxide injected into the air mass, may be trans- 
ported over long distances before being removed. These 
centres, therefore, may be used as tracers of sulphate 
sources. Since the area to the south of the Great Lakes 
is a region of high sulphur dioxide emissions and the 
area north of the Great Lakes is low in sulphur dioxide 
emissions, a high pressure centre moving over, either 
north or south of the Great Lakes, should have sulphate 


concentrations indicative of the quantity of emissions 


within the area. The average concentration of sulphates 
at Toronto was 10.6 ug /m> for high pressure centres 
coming from the south, and 8.8 ug/m? for those coming 


from the north. 


Periods with high sulphate concentrations across the 
Southern Ontario monitoring network are mainly a warm 
season phenomenon. Warm season high sulphate incidents 
are accompanied by high ozone concentrations and reduced 
visibility. Cold season high sulphate incidents are less 
frequent and may be accompanied by high sulphur dioxide 
and nitrate concentrations. Fifteen major incidents in 
the 1976-80 period occurred across the Southern Ontario 
monitoring network. Seven of the fifteen incident days 
had southerly flows and "back of the high" weather 
conditions, none occurred with "front of the high" 


weather regimes. 


One previously described cold season incident, 
February 20, 1979, resulted in 84% of the Ontario 
monitoring network of 34 stations exceeding 20 ug/m3 of 
sulphate. ? The prevailing weather on the 20th was in the 
"back of the high" category. Back-trajectory analysis 
indicated that the air flow during the measurement period 


was from south of the Great Lakes. 


High sulphate concentration incidents occurring on 
sunny summer days are characterized by a haze in the 
lowest thousand meters of the atmosphere extending for 
hundreds or thousands of kilometres covering both urban 
and rural areas. Satellite photographs of eastern North 
America have shown large hazy air masses present in 
cloud-free regions.8 Further investigations have 
revealed that this air is characterized near the surface 
by low visibility and high concentrations of sulphate 
particles and ozone. By analyzing a series of these 
photographs, the path history of the "smog area" can be 


reconstructed. 


The history of one such event (August 16-28, 1976) 
showed the "smog area" south of the Lower Great Lakes and 
spreading over the entire Lower Great Lakes region by 
August 22nd. A weak cold front pushed the "smog area" 
southward on the 23rd, but it again moved northward 
across Southern Ontario on the 26th. Particulate 
sulphate concentrations exceeded 40 micrograms per cubic 
metre (ug/m3) at several Ontario sites during this 
period. In addition, the origin of the sulphate-laden 
air, reported in an area extending from Windsor to Quebec 
city, was demonstrated to be the Ohio, Pennsylvania, and 
West Virginia regions.° The concentrations of sulphates 
reported at ground level over Ontario, Quebec and the 


northeastern United States on August 16, 22 and 28 


indicate that the measured levels of sulphates 
contributed to the reduction in visibility that was 


evident in satellite photographs. 8 


Aw eZ Nitrates in Particulate Matter: 


Studies of nitrates in particulate matter measured 
across Southern Ontarioll-13 have also indicated that 
higher nitrate concentrations occurred when air flowed 
from the region south of the Great Lakes than when the 
air came from north of the Lakes. In general, average 
nitrate concentrations for all weather conditions are 
higher in the extreme southwestern part of the region and 


around the western Lake Ontario shoreline. 


When nitrate concentrations were correlated with the 
type of weather prevailing on the day of measurementll, 
it was found that the highest average concentrations 
occurred when a high pressure system was located over or 
to the east ("back-of-the-high") of Southern Ontario. 

The lowest concentrations were found on days when a high 
pressure system was to the west of the region ("front- 
of-the-high"). For the 17 station network in Southern 
Ontario, the ratio between the back and front of the high 
Situations was nearly a factor of two. The five-year 
nitrate average concentration for a rural station at 


Simcoe, located on the north shore of Lake Erie was 4.0 
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ug /m> under "back of the high" situations and 2.3 ug/m3 
for the "front of the high" cases. The flow of air under 
the "back of the high" situation is from south of the 
Great Lakes thus traversing regions of high nitrogen 
oxide emissions. Under "front of the high" situations, 
air flow is from north of the Great Lakes over regions of 


low nitrogen oxide emissions. 


Since there is a large difference in the amount of 
nitrogen oxide gases emitted in the area north and south 
of the Great Lakes, tracing the direction of movement of 
a high pressure centre should give an indication of the 


source contributions of the two areas. 


Since the centre of high pressure is generally a 
stable parcel of air, nitrogen oxides injected into the 
air mass as it passes over the source region will likely 
remain aloft and be converted to nitrates within the air 
mass. In this manner, nitrates will accumulate and be 
transported over long distances until removed by dry or 


wet deposition or chemical transformation. 


High pressure centres were partitioned according to 
the direction from which they approached Southern Ontario 
(north, south, or west) during the 1976-1978 period. Two 
locations were chosen for this study: the downtown 


Toronto and the rural Pickering monitoring stations - 
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both daily monitors.13 The average nitrate concentration 
on days when the centre arrived from the north or north- 
west was 3.12 ug /m3 for 58 occasions in Toronto and 2.42 
ug/m3 for 50 cases in Pickering. When the centres came 
from the south or southwest, concentrations rose to 5.92 
ug/m3 (for 48 days) in Toronto and 5.17 ug/m> (for 

46 days) in Pickering. The difference of about 2.8 ug/m3 
at both sites was statistically significant. Centres 
originating in the west (i.e., those which had no 
definite movement from a south or north direction) had 
concentrations of 3.74 ug /m3 for 36 cases and 3.73 ug/m3 


for 31 cases for Toronto and Pickering respectively. 


Detailed studies of periods when nitrate concentra- 
tions were high (in excess of 10 ug/m3) over southern 
Ontario have shown that nine of the eleven high nitrate 
episodes (days with nine or more cities measuring nitrate 
concentrations in excess of 10 ug/m3) occurred when the 
high pressure system was either over or to the east of 
the area.l3 Five of the days were "back of the high" 
type. Of the four periods when the high was over the 
region, two moved in from the south and two from the 


west, both over regions of high emissions. 


To illustrate the weather situation in relation to 
high nitrate concentrations, we will look closely at the 


period 5th-20th of February, 1977.12,13 


During this period nitrates were measured in excess 
of 9.9 ug /m3 at 68 stations. Most of these occurred on 
two of the three regular nitrate sampling days (6-day, 
high-volume sampling schedule). On the 12th of February, 
33 stations exceeded the 9.9 ug/m3 level, and on the 18th 
of February, 21 stations were in excess. The daily 
monitoring network at three sites (Hamilton, Toronto and 
Pickering) shows that elevated levels lasted for several 


days with fairly good correlation among the three sites. 


On the 5th of February, a large cold air mass in 
northern Manitoba began pushing southward into the 
northern Mississippi Valley. During the three day 
period, 5th to 7th of February, strong winds from the 
northwest and cold temperatures dominated southern 
Ontario. The mean temperature measured during the period 
at Toronto International Airport was -14.6°C. Prevailing 
winds were from the northwest at 20.5 km/hr. Nitrate 
concentrations were quite low. The nitrate network of 30 
reporting stations averaged 1.7 ug /m> on February 6th. 
Back-trajectory analysis indicates that the flow was over 


low nitrogen oxide emission areas to the north. 


During this time period, the high pressure centre 
from Iowa moved eastward across Illinois, Ohio, and 
Pennsylvania before turning south on February 9th. As 


the system moved to the east, the nitrate levels rose at 


the daily monitoring sites, exceeding 15 ug/m> at 
Hamilton and Toronto on the 10th. A low pressure cell 
crossed the region on the llth leaving a stationary front 
across Northern Ontario on the 12th. An intensifying 
storm system lay to the west of Lake Superior on the 
morning of the 12th and the cold high had settled off the 
Carolina coast. Temperatures in southern Ontario rose 


above the freezing mark with moderate WSW winds. 


Across the network, nitrate levels were reported on 
the 12th in excess of 9.9 ug /m> at 33 sites. The average 


for the 35 sites reporting was 17.4 ug/m>. 


The 24 hour back-trajectories show that. the air 
entering southern Ontario had passed over northwestern 
Ohio. The trajectory to London, Ontario where the 
nitrate concentration was 21.0 ug/m3 shows that the air 
had passed over Lake Erie and rural Ontario after 
crossing Ohio. Since nitrate inputs over the lake and a 
rural area in winter are unlikely to be of consequence, 
the source for high nitrate levels orginated in the air 
mass south of the lake. Nitrate levels were of similar 
concentration in Windsor (in excess of 20 ug/m? ) and the 
trajectory shows air originating in nearly the same 


location. 


As the storm system moved across the region, nitrate 
levels fell at the daily monitors. With the establish- 
ment of a northerly flow pattern in the wake of the storm 
and ahead of another cold air mass in northern Manitoba, 
nitrate levels fell to values similar to the 5th to 7th 
of February period. This high pressure system moved 
along the same general path as the previous one. By the 
18th, the region was again in the return circulation of 
the high with a low pressure system approaching from the 
north of Lake Superior. Nitrate levels again rose 
averaging 12.5 ug/m3 with 21 of 32 reporting stations in 


excess of 9.9 ug/m>. 


Trajectories to three sites (London, Windsor, 
Toronto) show flow again across northwestern Ohio. With 
the passage of the cold front and return to northerly 


winds on the 19th, nitrate concentrations dropped to less 


than 5 ug/m3. 


The trajectory analyses above and the results of 
previous studiesil,13 which showed that nitrate concen- 
trations increased when southerly flow was initiated as a 
high pressure system moved to the east of Ontario, when 
coupled with the low concentrations found when the air 
Originated to the north of the Great Lakes, strongly 
indicate a source region for nitrates south of the Great 


Lakes. Source inventories for eastern North America show 


that the largest emitting areas of nitrogen oxide gases 


are located to the southwest of southern Ontario. 


Es Bas 8) Ozone 


In recent years, the generation, build-up and 
dissipation of ozone concentrations in the atmosphere 
over Southern Ontario have been studied by numerous 
researchers.3,15-18 These studies indicated that the 
summer ozone life-cycle is strongly influenced by 
synoptic motion systems. As with sulphates and nitrates, 
widespread elevated ozone levels are found typically on 
the rear sides of anti-cyclones or in the warm sectors of 
cyclones, and are associated with very warm, moist air 
moving into Ontario from the south to southwest direc- 
tions (Figure 4.1). The transport mechanism for elevated 
ozone levels has been identified with synoptic-scale 
motion systems which advect ozone and its precursors, 
nitrogen oxides and hydrocarbons which are emitted in 
power plant and urban plumes, over distances of several 
hundred kilometres. On the regional or local scale, 
ozone levels in Ontario are enhanced downwind of urban 
areas, and during lake-breezes and onshore-flow 


fumigations. 
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Since 1975, ozone has been monitored continuously by 
chemiluminescent instruments at over 20 urban and rural 
locations in Southern Ontario (Figure 4.2). For the 
years 1976-1980 inclusive, each of the monitored loca- 
tions in the network recorded ozone levels in excess of 
Ontario's ambient air quality criterion of 80 ppb (hourly 
average). The maximum hourly average ozone concentra- 
tions for the 20 stations for the 5 year period varied 
from 83 ppb at Ottawa in 1980, to a high of 218 ppb in 
1976 at the Holland Marsh station, 50 km north of Toronto 


(Table 4.1). 


Elevated ozone levels over 80 ppb most commonly 
occur over widespread areas (more than 8 monitoring 
sites) during the spring and summer. The number of such 
days ("episode days") varies considerably from year to 
year due to fluctuations in the meteorological condi- 
tions, but the frequency is significant. For example, in 
1978 there were 43 days of elevated levels, while in 1979 


and 1980 there were 14 such events. 


Figures 4.3, 4.4, 4.5 and 4.6 show the distribution 
of average afternoon ozone maxima for the "episode" days 
during 1976, 1977, 1978 and 1979. In Ontario the 
elevated levels of ozone are typically recorded over an 
area 700 km in length (Windsor to Kingston) and within 


100 km of the north shoreline of the lower Great Lakes. 


Concentrations are generally highest near Lake Erie and 


Lake Ontario, and decrease with distance inland. 


Other investigations!9-21 suggest that this area of 
Southern Ontario is in the northern extension of ozone- 
laden air centered over the northeastern United States. 
High levels of ozone just north of Lake Erie are likely 
due to long range transport as there are no major sources 


of the precursors in this area of Ontario. 


Ozone episodes are associated with specific meteoro- 
logical conditions. During such episodes, maximum 
temperatures average about 28°C, afternoon dew points 
average about 20°C, and the visibility is limited to 
about 8 km. The winds are generally from the south to 
southwest direction. Such conditions may persist for a 
few days in Ontario when there is a broad area of high 
pressure lying quasi~stationary over the southeastern 
United States. The synoptic conditions have been 


described in detail by Vukovich et al.22 


Wolff and Lioy21 studied the prolonged ozone episode 
that occurred during the heat-wave period of July 12-21, 
1977, when a broad area of high pressure remained quasi- 
stationary over the eastern United States. Figure 4.4(a) 
shows the ozone pattern for July 15 for southern Ontario 


and the eastern United States. It may be seen that 


Southern Ontario is on the edge of a very large area of 
high ozone concentrations associated with the return flow 
around the high pressure system. A mixed layer air 
parcel trajectory of the air entering Southern Ontario is 
also shown in Figure 4.4(b). This trajectory indicates a 
path that passed through regions of the United States 
that have both high hydrocarbon and NO, emissions. Both 
the precursor pollutants and their photochemical reaction 
products are apparently advected in the air mass over 
large distances. During an episode, the ozone levels 
peak during the daytime with mixing through the boundary 
layer, and are significantly reduced at night due to the 
trapping of pollutants above the surface-based nocturnal 


inversion. 


4.4 Acid Deposition 


In general, back-trajectories of the air parcels 
show that air arriving in Southern Ontario with high 
ozone and sulphate concentrations originated south of the 
Great Lakes. In contrast, air of northerly origin has 
been demonstrated to have much lower pollutant concentra- 
tions. U.S. studies have shown that high pollutant 
levels in the northeastern United States were associated 
with air flows from the Ohio Valley and comparably clean 


air was associated with a northerly circulation from 


The association of much of Ontario's primary and 
secondary air pollution with U.S. source regions has been 
accomplished by means of trajectory analysis whereby 
weather records are used to track the winds backward in 
time to determine the geographical areas responsible for 


the air quality characteristics of a given air mass. 


Kurtz and Scheider carried out a back-trajectory 
study (See Appendix 4) in which weather maps were 
analyzed along with precipitation samples taken over a 
chines period in the Muskoka-Haliburton region, an 
environmentally sensitive area of south-central Ontario 


about 200 km north of Toronto. 


Back-trajectory analysis indicated that 80% of the 
acid which was wet-deposited came with air masses from 
the south and southwest. While Ontario sources to the 
south also contribute to this percentage, the relative 
magnitude of these is small compared to U.S. emissions 
south of the study area. It is therefore reasonable to 


assign most of the 80% figure to the U.S. sources. 


The finding that high acidity in Ontario's 
precipitation is associated with air masses originating 
in the U.S. is supported by Whelpdale in an article which 


appeared in Atmospheric Environment. 2 


as Ole 


In a 1980 M.O.E. Report on Precipitation Quality in 


the Sudbury area, (See Appendix 3), the mean level of 


acidity in precipitation was determined for northerly and 


southerly air flows. Precipitation related to southerly 
air masses had, on average, over twice the acid content 


of precipitation from the north. 


AS satellite Air Mass Tracking 


Many case studies of long range transport into 
southern Ontario have been documented by various 
researchers. These cases are characterized by hazy air 
masses in the Ohio Valley region which are transported 
across the border into Ontario. These hazy air masses, 


rich in photo-chemical oxidants and sulphate aerosols, 


are usually formed on the west side of a slow moving high 


pressure system. Lyons refers to these Persistent 


Elevated Pollution Episodes by the acronym PEPE. 


Although the "classic" PEPE is associated with summertime 


conditions, transboundary episodes have been documented 


throughout the year. 


Apart from trajectory analysis for the determination 
of polluted air mass movements, satellite imagery and 
regional modelling have been used and are written up 
extensively in the literature. Both techniques produce 


results which reinforce the trajectory analysis findings. 


Dr. Walter Lyons of MESOMET INC. has done extensive 
research into the use of satellite imagery for tracking 
polluted air masses. On behalf of the Ministry of the 
Environment, Dr. Lyons presented a video-demonstration of 
this powerful tool at the Section 126 hearings and a copy 
of his presentation was placed in the record. A copy of 
Dr. Lyons text is appended to this report, (See Appendix 
5). In this work conventional meteorological satellite 
images are used to detect the formation and the spread of 


large scale pollution episodes. 


The satellite is able to detect large clouds of 
aerosols in the lower several thousand feet of the 


atmosphere. Study of these images over time indicates 


that these aerosols do not originate from local sources, 
but are the result of gases emitted several days upstream 
which underwent photochemical transformation into 
aerosols. These regional scale episodes can cover many 
States and extend far out into the Atlantic. Usually 
such episodes will persist for several days, and in some 
cases weeks, until a cold front sweeps clean unpolluted 


air into the region. 


Lyons states that the primary source of precursors 
for these visibility-reducing aerosols is apparently SO 2 
emanating largely from coal burning, tall stack power 
plants. He continues, that the concentration of major 
power plants and numerous minor sources in the eastern 
U.S. is high and thus, we would expect to find the 
maximum sulphate aerosol concentrations and other 


associated pollutants in this general region. 


MESOMET have documented several pollution episodes, 
tracking them over extensive areas of the eastern U.S. 
and sometimes into Canada. This type of information 
reinforces other scientific data as to the origin, 
occurrence and ultimate destination of air pollutant 


related problems. 


Having reviewed the above information, all of this 
scientific and monitoring data related to trajectory 
analysis, meteorological conditions, episode monitoring 
and satellite tracking of aerosols confirms that many of 
Ontario's difficulties in meeting its ambient air quality 
standards and criteria are related to the.long range 
transport and transboundary movement of pollutants from 
the high emission areas of the eastern United States into 


Ontario. 


1976 
HURON PARK --* 
WINDSOR Es 
MERLIN -- 
SARNIA 137 
PETROLIA ee 
LONDON ELZ 
SIMCOE | 139 
KITCHENER 117 
ST. CATHARINES 131 
HAMILTON 128 
TORONTO 1 138 
TORONTO 2 — 
SCARBOROUGH 142 
NORTH YORK 139 
ETOBICOKE 1 124 
ETOBICOKE 2 106 
MISSISSAUGA -- 
OAKVILLE 124 
HOLLAND MARSH 218 
Sr OUPRRVILLE 163 
OTTAWA 96 
CORNWALL 119 
WESLEYVILLE 178 
ORONO 162 
ONTARIO 218 


* - no data available. 


TABLE 4.1: MAXIMUM ONE HOUR OZONE CONCENTRATIONS (PPB). 


1977 


Pie a 


1978 


134 
211 
13% 
144 
148 
{rt 
171 
137 
148 
Lt9 
135 
102 
128 
140 
135 
116 
129 
142 
124 
142 
133 
116 
eal 
181 


211 


1979 


123 
120 
158 
159 
148 
101 
148 
115 
124 
112 
155 
106 
165 


1980 


155 
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FIGURE 4.1: SYNOPTIC METEOROLOGY RELATED TO OZONE EPISODES. 
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FIGURE 4.6: AVERAGE OZONE MAXIMA FOR 14 EPSIODES. 
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5b ATMOSPHERIC CHEMISTRY 
Be 1 Introduction 


As can be seen puGn the previous Section, atmos- 
pheric chemical transformations play a large role in the 
formation of aerosols characteristic of pollution 
episodes. Knowledge of the ultimate chemical species is 
important for deposition studies related to these 
problems. A thorough understanding of these atmospheric 
processes is also required for the parameterization of 
models subsequently used to predict source-receptor 
relationships. This latter topic will be dealt with in 


the Chapter on modelling. 


At the Hearings in Washington, the Ontario delega- 
tion was given the impression that the evidence presented 
by this Province and by other jurisdictions and 
interested parties left the Hearing Panel feeling that 
there was an extreme paucity of data available on atmos- 
pheric chemistry and deposition. Therefore Chapters 
five and six comprise a short overview of what is 
actually known about these two important areas. As 
stated previously in this document, it is important to 
relate emitted materials to deposited products. 
Therefore, we need to know and understand what changes 
SOy and NO, undergo while being transported over long 


distances. As a consequence, SOj and NO, cannot be 


considered in isolation, but must be reviewed in the 
total emission-to-deposition context. It is felt that 
although our knowledge is incomplete, a considerable body 
of scientific evidence is available for our use, 


especially in the modelling efforts. 


Since our present knowledge of all the phenomena of 
atmospheric chemistry is not complete, it is 
comparatively easy to argue any particular viewpoint by 
selecting from the available evidence, and it is also 
easy to pick holes in isolated arguments. Only by 
considering carefully everything that has been reported 


can one obtain the full picture. 


What is definitely known is that large stationary 
combustion sources, power plants in particular, emit 
several pollutants in significant quantities. Some of 
these (e.g. SO, HCl) form acidic solutions in water, 
while SO» and others (e.g. NO, NO) are, as will be shown 
later, capable of being transformed into acids (SO 9 into 
H2S04, NO and NO»y into HNO3). It has also been demon- 
strated that these substances and their conversion 
products are capable of being carried by air movements 
for up to several days and hundreds of kilometres, with 
significant amounts still being deposited to the ground 


after that time. 


The concentrations of pollutants emitted by a 
typical, medium-sized power plant burning coal are shown 
in the table below. These figures assume that there are 


no control measures, except for particulate matter. 


typical Polnucant “Concentrations 


from a Coal-Fired Power Plant 


Pollutant Concentration 
S05 1100 -— 1600 ppm 
S03 25 ppm 
NO 300 4="700" ppm 
N09 30*="70" opm 
HCl 100 ppm 


(In-Stack Measurements : Source : Ontario Hydro, 
Lakeview Generating Station. These figures are 


typical 2 See efor vexamp le SF aucett *et’ al (1977 )). 


Of these, HCl is a strong acid, while S03 is the 
anhydride of a strong acid. It reacts rapidly with water 


to form siwiipnuric acids 


oe er H90 —> H S04 


WN iy bac 


Sulphur dioxide dissolves in water to form solutions 
of sulphurous acid, but it is also capable of atmospheric 
Oxidation to sulphuric acid, which is a stronger acid. 
The oxides of nitrogen can be oxidised to nitric acid. 
These oxidation reactions will be considered in more 


detail below. 


eed Chemical Transformation of Pollutants 
SBS 2el Reactions of S09 


ee args BEAD E Homogeneous Reactions 


The homogeneous, hud phase reactions of sulphur 
dioxide have been extensively studied and are reasonably 
well understood (Calvert, 1981). The subject has been 
reviewed by Calvert et al (1978) and the reactions and 
their rates have been analysed by Moller (1980), who has 


indicated the most important paths. 


During daylight hours free radical reactions 
predominate. The major role of the hydroxyl radical is 
now well established, and the rate constant for its 
reaction with S05 is known (see, for example, Moller, 
1980; Calvert et al, 1978; Calvert, 1981). Direct 
measurements of OH radical concentrations have recently 


become possible (Campbell et al, 1979; Perner et al, 


1976; Etthaltoretwralys 19817 «Killinger. and WangyaA.9777 75 Wang 
et adyidtO 74a, 2975 andy1 9815 ,,Davasiets al, al 97.6, m197 947 
1979b, 1981), and the combination of the rate constant 
with the concentration produces the result that the rate 


of S05, Oxidation) bys thiiss path, can be» up. toyabouts35.6% 


hr7l, 


Other important homogeneous reactions of SO, are 
with the species which may be summarised as RO 9, particu- 
larly alkyl peroxy radicals and Criegee intermediates 
resulting from the reaction between ozone and alkenes. A 
quantitative evaluation of the rate constants for these 
systems is not yet available - the mechanisms are 
complex, and subject to competition from other species, 
such as NO - but it is believed that they are capable of 
making a Significant contribution to the overall rate 


(Calverty¢ 1981) % 


At night the concentrations of photochemically 
produced species drop to very low levels (for example 
measured concentrations of OH are 10 to 50 times lower 
than day time values). However, the Criegee inter- 
mediates will persist as long as ozone and olefins are 


present. 


ae ae 


org Be Heterogeneous Reactions 


Sulphur dioxide is very soluble in water (more than 
20 g per 100 g water at 0°C), so aqueous phase reactions 
of S0y are important, e.g., in clouds, fog, aqueous films 
on airborne particulate matter, etc. Since a significant 
fraction of cloud droplets are formed by condensation on 
solid nuclei, catalytic effects are possible in clouds as 


well as on aerosol particles. 


Martin and Damschen (1981) have studied the solution 
chemistry of S09, and find that oxidation is fast by 
hydrogen peroxide but somewhat slower by ozone. Hydrogen 
peroxide in high concentrations has been measured in 
rainwater by Kok (1981). His results also indicate that 
hydrogen peroxide can be formed by bubbling polluted air 
through water, i.e., it is capable of continuous 
replenishment in cloudwater. The mechanism of formation 
is not yet known, but it is suspected that ozone is 


involved. 


Sulphur dioxide is oxidised by atmospheric oxygen in 
the presence of catalysts. Martin (1981) has indicated 
that iron and manganese are catalytically active, and 
that they are synergistic in combination, but that 
various forms of vanadium, copper, cobalt and lead do not 


catalyse the reaction. 


It is known that aqueous phase oxidation by the 
nitrite ion is possible, but atmospheric concentrations 


are probably too low for this to be a significant pathway 


(Durham and Demerjian, 1981). 


The rates of the liquid phase reactions will be very 
highly variable, since they depend strongly on tempera- 
ture, the concentrations of catalysts, reagents, S09 and 
cloud or rain water, as well as on the acidity of the 
water (which affects the solubility of S07, and also 
appears to catalyse the reaction with hydrogen 
peroxide). To underline the possible importance of these 
reactions, Martin has calculated from his results that in 
a cloud with 1 ppb of H909 and 0.3 ml water per cubic 
metre, the rate of sulphate formation could be as high as 
3% per minute. This is very much higher than has ever 
been observed, presumably because the rate very rapidly 


becomes limited by local depletions of reagent. 
5ai2 bse Field Studies 


A considerable number of field studies have been 
carried out on the conversion of sulphur dioxide to 
Sulphates. Some of the results, i.e., those pertaining 
to urban plumes, have been reviewed by Alkezweeny (1980) 
and were found to range from 0.28 to over 30% hr-l. 

His own results, carried out as part of the MAP3S Study, 


lay in the range 0 to 4% hr-l, 


Newman (1980) has reviewed measurements of S09 
oxidation rates in power plant and smelter plumes. The 
results generally lie in the range below about 4% hr7t, 
and the rates are highest during periods of maximum solar 
intensity. It is tempting to interpret this as 
reflecting photo-chemical activity, but it could merely 
be a consequence of atmospheric mixing being enhanced by 


solar radiation heating. 


Eatough et al (1980) measured S09 Oxidation in the 
Great Basin Desert region, and on the California Coast, 
and found that the rate varied between 1 and 6% hr7!. 
This rate apparently increases with increasing 


temperature. 


Forrest, Garber and Newman measured daytime S09 
oxidation rates of 1 to 4% hr71+ in the plume of an 
oil-fired power plant (Garber, Forrest and Newman, 
1980). Rates at night were 5 to 10 times lower than 


those measured during the day. 


Whitby et al (1980) found S09 oxidation rates 
ranging between 0.1 and 83% hr7lfor plumes from five 
power plants, while a 24 hour average rate of 0.18% hr71 
was found by Williams et al, (1980) for a smelter plume 
in a remote region of Australia. Gillani et al, (1980) 
have studied project MISTT data, and have been able to 


parameterise the observed conversion rates in terms of 


atmospheric reactivity and mixing and solar intensity. 


FG oe 


These reported oxidation rates for SOs. are 


summarised in the following table: 


Measured Oxidation Rates for Sulphur Dioxide (% hr-1l) 


Range 


0=76.9 
0.6 a 4.4 
Oe 28, — ales 73 


el 


0.73 


Location 


Rouen, «France 

Los Angeles 

Budapest, Hungary 

St. Louis 

St. fEouls 

St. Louis 

St. Louis 

Milwaukee 
Arnhem-Amsterdam, Netherlands 
W. Europe 

Faroe Is. & British Isles 
British Isles 

Ohio Valley 

St. Louis 

Gary 

Labadie 

Labadie 


Alberta 


Pennsylvania 


Reference 


"A few tenths 


=.G 


to a few percent" 


0 ey oes 


W. & Mid-West U.S.A. 

Sudbury, Ontario 

Sudbury, Ontario 

Great Basin Desert, California 
Cumberland 

Northport 

Minnesota, Alabama, Tennessee, 
Missouri, Arizona 


Australia 


Labadie, Cumberland, Johnsonville 


Florida 


ao 
hh 


64s 
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It can be seen that the later results show far less 
variation than the early ones, which possibly reflects 
improvements in experimental methods. What variability 
remains in the latest results can possibly be ascribed to 
variations in the heterogeneous oxidation rates, although 
the cause may lie in the problems which still remain with 
the interpretation of the field study data, particularly 
for the case of urban plumes. Thus, it can be said that 
the atmospheric oxidation reactions of sulphur dioxide, 
particularly the homogeneous ones, are reasonably well 
understood, although some of the fine details still 


require clarification. 


5a 22 Reactions of NO, 


5 22's Zio Homogeneous Reactions 


The gas phase chemistry of the oxides of nitrogen 
has been extensively reviewed by Demerjian et al, 
(1974). More up to date rate constant values may be 
obtained from detailed compilations, e.g., Hampson & 


Garvin) (€E9 77); Baulch tet sal? (198'0))). 


The predominant oxide of nitrogen formed during 
combustion processes is nitric oxide, NO. As long as the 
concentration of this species is above a few hundred 
parts per million, it is oxidised at a significant rate 


by atmospheric oxygen. 


Gg on 


2NO + Oy - 2NO> 


However, the rate of this reaction depends on the square 
of the nitric oxide concentration, and rapidly becomes 
negligible as the emitted pollutants become diluted by 


mixing into the atmosphere. 


In a well defined plume, such as that from a power 
plant, the major path for oxidation of NO is by reaction 


with background ozone in the ambient air. 
NO = 03 -) NO>5 te i105 
The rate of this reaction is determined primarily by the 


rate at which the ozone mixes into the plume (Melo, 1980; 


Forrest et al, 1980). 


Over an area source, where there will normally be a 
mix of more or less aged pollutants, oxidation is also 


effected by hydroperoxy and alkyl peroxy radicals. 


NO + HO» -) NO» + OH 


NO + RO> -»> NO>5 + RO 


By comparison with the case of SO9, these reactions 


are fast, and most of the NO will normally be converted 


to NO» in a few hours (during daylight hours). 


The main subsequent oxidation reactions of NO» 


involve formation of nitric acid, by 


NO> + OH -> HNO3 


and formation of peroxyacetyl nitrate (PAN) by 


CH3CO002 + NO» -> PAN. 


The relative probabilities of these two channels depends 
mainly on the concentration of hydrocarbons (Spicer, 


1979); PAN can not be formed if hydrocarbons are absent. 


The final ratio Of organic to pnorganic: nitrates 
depends on temperature, since the rate of the dissocia- 
tion of PAN is highly temperature dependent, becoming 
rapid above about 25°C (Hendry & Kenley, 1979). The NO» 
thus created has a finite probability of being converted 
to nitric acid, rather than to another molecule of PAN, 
and the net effect is that PAN tends to be recycled 


through NOg to HNO3. 


Again these reactions are rapid by comparison with 
the case of S05. =the rate constant for the reaction 
between OH and NO» (Anastasi et al, 1976) is ten times as 


large as that for On plus SO>eGCalvert et al, 1978)5 


Ds 2ehvz Heterogeneous Reactions 


Apart from the reactive dissolution of NO» 


2NO> + H20 -> HNO3 + HNO? 


(Orel and Seinfeld, 1977; Middleton and Kiang, 1979; Lee 
and Schwartz, 1981), almost nothing is known about the 
heterogeneous reactions of the nitrogen oxides, although 


some reactions must occur. 


However, because the homogeneous reactions of NO and 
NO» are so rapid, it is often assumed that the hetero- 


geneous reactions are not competitive. 


Bee 2s 3 Field Studies 


Very few field studies have been carried out on the 
oxidation of nitrogen oxides, mainly because it has only 
recently become possible to make accurate measurements of 
nitrate concentrations. Richards et al (1980) commented 
on this difficulty and suggested that NO, oxidation rates 
are most easily obtained by assuming that they are faster 
by a constant factor than the SO» rates. This factor 


would be in the range of 4 to 7. 


Forrest et al, (1980) measured the rate of 
conversion of NO to nitrates in the plume of the 
Cumberland Power Plant, and found that it lay in the 
range 3 - 12% hr~!. Because the oxidation of NO to NO> 
is normally rapid compared with the subsequent step, 
their measured rate approximates the oxidation rate of 


NO>. 


Spicer (1977) derived a conversion rate of approxi- 
mately 10% hr~1! for NO» in the Los Angeles area, while 
a lower limit of 12% hr71 was obtained in the 
Philadelphia urban plume (Spicer and Sverdrup, 1979). 
However, the most reliable result is probably the 173% 
hr71 measured for the Boston urban plume (Spicer, 


1979). 
5.2.8 Neutralization of Acids 


Ammonia is a natural component of the earth's 
atmosphere, being present in rather varying concentra- 
tions, which average out to about 6 ppb. The source is 
chiefly bacterial action in soils (McConnell, 1973) and 


it is also produced anthropogenically. 


The gas phase reaction between ammonia and strong 
acids such as H»9SOq4 and HNO3 is very rapid, leading to 
neutralization of the acids. The extent of 


neutralization depends on the relative 


concentration of the acids and the ammonia, and also on 
how rapidly atmospheric mixing will restore local 
depletions of ammonia. As a further factor, the reaction 
between ammonia and nitric acid does not go to 


completion, and an equilibrium state is reached, 


NH3 + HNO 3 = NH4NO3 


where free nitric acid remains in the gas phase. The 
position of the equilibrium is highly temperature 
dependent, with more free acid being present at high 
temperatures (Stelson et al, 1979; Tang, 1980). 
Neutralization of atmospheric acids can also take place 


on air borne dust, which is often calcareous. 


However, although the potential exists for the 
neutralization of free acids, it appears that this does 
not necessarily go to completion. For example, an 
analysis of the MAP3S rain chemistry measurments (Baker 
et al, 1981) indicates a strong correlation between 
acidity on the one hand and sulphate and nitrate 
concentration on the other. This indicates the 
coexistence of H*t and SO427 and H* and NO37, i.e. the 


existence of free nitric acid, and, at least, acidic 


bisulphate salts, if not free sulphuric acid. 


Stevens et al, (1980) characterised the atmospheric 
aerosol in the Great Smoky Mountains and found that 613% 
of the mass of the fine fraction comprised sulphates. | 
Although the exact percentage of sulphuric acid and 
ammonium sulphate in these aerosols is not known, the 
average composition of these sulphates can be considered 
to be equivelent to ammonium bisulphate, which is 
acidic. Thus, wet deposition of these aerosols will 


result in acidic precipitation. 


In fact, whether or not atmospheric acids are 
neutralized by ammonia may be academic, since Spicer et 
al (1980) have suggested that biological activity in soil 


and water may convert ammonium salts back to acids with 


evolution of ammonia. 


NH4* -> NH3 + Ht 


(A Brief Review of the Tropospheric Chemistry of Sulphur 
Dioxide and the Nitrogen Oxides by J.S. Calvert is 


located in Appendix 6.) 


10. 


- 73- 


References - Chapter 5 


Alkezweeny, A.J. (1978), "Measurement of Aerosol 
Particles and Trace Gases in METROMEX", J. Appl. 
Meteorol. 17,609) (19738) 


Alkezweeny, A.J. (1980), "Gas to Particle 
Conversion in Urban Plumes" 73rd Ann,. Meeting of 
Air Pollut. Control Assoc., Montreal, June 1980. 


Alkezweeny, A.J. and Powell, D.C. (1977), 
"Estimation of Transformation Rate of SO9 to SO4 
from Atmospheric Concentration Data", Atm. Env. ll, 
AS ay C8: by he oe 


Alkezweeny, A.J., Young, J.A., Lee, R.N., Busness, 
Kem iandchales, J.K..»(1977);,. "Transport. and 
Transformation of Pollutants in the Lake Michigan 
Area", 4th Joint Conf. on Sensing of Env. 
Pollutants, New Orleans, Nov. 1977. 


Anastasi,.C.,.Bemand, P.T., and Smith, I .W.M., 
(L976) «Chemical, Physics, Letters, Vol. 37, .Pg.. 370. 


Baker, M. and Caniparoli, D. (1981), "An Analysis 
of the First Year of MAP3S Rain Chemistry 
Measurements", Atm. Env. 15, 43 (1981) 


Baulch,.D.L., Cox, R.A., Hampson, R.F., Jr., Kerr, 
J.A., Troe, J. and Watson, R.T. (1980), “Evaluated 
Kinetic and Photochemical Data for Atmospheric 
Chemistry", J. Phys. Chem. Ref. Data, 9, 295 
(1980). 


Benarie, M., Novat, A. and Menard, T. (1972), "The 
Transformation of Sulphur Dioxide into Sulphuric 
Acid in Relation to the Climatology of an 
Urban/Industrial Area", Clean Air Conf., Melbourne, 
May 1972. 


Breeding, R.J., Klouis, H.B., Lodge, J.P. Jr., 
Pati, J.B., Sheesley, D.C., Englert, T.R. and 
Sears, D.R. (1976), “Measurements of Atmospheric 
Pollutants in the St. Louis Area", Atm. Env. 10, 
181 (1976). 


Calvert, J.G. (1981), "A Brief Review of the 
Tropospheric Chemistry of Sulfur Dioxide and the 
Nitrogen Oxides". Report prepared for the Ontario 
Ministry of the Environment, under Order No. 
A70782, Requisition No. 99130. 


Tis. 


aie 


13. 


14. 


15. 


16% 


a 


18. 


oT. 


ZO) 


Zi. 


BN a 8. 


Calvert, J.G., Su, F., Bottenheim, J.W. and 
Strausz, O.P. (1978), "Mechanism of the Homogeneous 
Oxidation of SO z in the Troposphere." Atm. Env. 
VOU U2, «oi. 


Campbell, M.J., Shepp, J.C. and Ay, B.F. (1979), 
"Measurement of Hydroxyl Concentration in Boundary 
Layer Air by Monitoring Carbon Monoxide Oxidation", 
Geophys. Res. Lett. 6, 175 (1979). 


Chan, WHs,.Vet,uRJ.,.bUSiS, M.A., Hunt; Jb... and 
Stevens, R.D.S. (1980), “Airborne Sulfur Dioxide to 
Sulfate Oxidation Studies of the INCO 381 m Chimney 
Flume", Atm. Env. 14, 1159 (1980). 


Davis, D.D., Heaps, W. and McGee, T. (1976), 
"Direct Measurements of the Natural Tropospheric 
Levels of OH via an Aircraft Borne Tunable Dye 
Laser", Geophys. Res. Lett. 3, 331 (1976). 


Davis, D.D., Heaps, W., Philen, D. and McGee, T. 
(1979) "Boundary Layer Measurements of the OH 
Radical in the Vicinity of an Isolated Power Plant 
Plume", AtmesEny. 13; 1197 (1979) 


Davis, D.D., Heaps, W.S., Philen, D., Rodgers, M., 
McGree, T., Nelson, A. and Moriarty, A.J. (1979(, 
"An Airborne Laser Induced Fluorescence System for 
Measuring OH and Other Gases ", Rev. Sci. Instr. 
OO Lola CLOT). 


Davis, D.D., Rodgers, M.O., Fischer, S.D. and Asai, 
K. (1981), Geophys. Res. Lett. 8, 69 (1981). 


Demerjian, K.L., Kerr, J.A. and Calvert, J.A. 
(1974), "Mechanism of Photochemical Smog 
Formation", Adv. in Env. Sci. & Technol. 4, 1 
(1974). 


Dittenhoeffer, A.C. and DePena, R.G. (1978), “A 
Study of Production and Growth of Sulfate Particles 
in Plumes from a Coal-Fired Power Plant", Atm. 

HB DWVis ak ig 2 OL (LOS yee 


Dittenhoeffer, A.C. and Delena, R.G. (1979a), "The 
Conversion of SO> to Sulfate Particles un 

Coal-Fired Power Plant Plumes", Proc. 4th Symp. on 
Turbulence, Diffusion and Air Pollution, Jan. 1979. 


Dittenhoeffer, A.C. and DePena, R.G. (1979b), 
"Sulfate Aerosol Production and Growth in 
Coal-Operated Power Plant Plumes", Proc. of CACGP 
Symp. on Trace Gases and Aerosols, Aug. 1979. 


ane 


ys jo 


24. 


Psyop 


26. 


DA ea 


28. 


29% 


30. 


Si ns 


Dias 


Durham, J.L. and Demerjian, K.L. (1981), “Sulfur 
and Nitrogen Chemistry in LRT Models", Chapter in 
Draft Atmospheric Science Review by Atmospheric 
Sciences Sub-Group of Work Group 2. Report 2-B, 
June 1981. 


Eatough, D.J., Richter, B.E., Eatough, N.L. and 

Hansen, L.D. (1980), “Sulfur Chemistry in Smelter 
and Power Plant Plumes in the Western U.S.", Symp. 
on Plumes and Visibility, Grand Canyon, Nov. 1980. 


Ehhalt, K.H. (1981), Personal Communication. 


Eliassen, A. and Saltbones, J. (1975), "Decay and 
Transformation Rates of SO 7 as Estimated from 
Emission Data, Trajectories and Measured Air 
Concentrations", Atm. Env. 9, 425 (1975). 


Elshout, A.V., Viljeer, J.W. and Van Duuren, H. 
(1978), "Sulphates and Sulphuric Acid in the 
Atmosphere in the Years 1971-1976 in the 
Netherlands", Atm. Env. 12, 785 (1978). 


Faucett, H.L., Maxwell, J.D. and Burnett, T.A. 
(1977), "Technical Assessment of NO, Removal 
Processes for Utility Application", Nov. 1977 NTIS 
PB-276637. 


Forrest, U., Schwartz, S.E. and Newman; (L.5(1979a),; 
"Conversion of Sulfur Dioxide to Sulfate During the 
Da ‘Vincl Flights", sAtm. Env. 237 157 (1979). 


Forrest, J., Garber, R. and Newman, L. (1979b), 
"Formation of Sulfate, Ammonium and Nitrate in an 
Oil-Fired Power Plant Plume", Atm. Env. 13, 1287 
C1979) 


Forrest, J., Garber, Re. and Newman, L. (1980), 
"Conversion Rates in Power Plant Plumes Based on 
Filter Pack Data - Part 1: The Coal-Fired 
Cumberland Plume", Symp. on Plumes and Visibility, 
Grand Canyon, November 1980. 


Garber, R. W., Forrest, J. and Newman, L. (1980), 
"Conversion Rates in Power Plant Plumes Based on 
Filter Pack Data - Part II: The Oil-Fired Northport 
Plume", Symp. on Plumes and Visibility, Grand 
Canyon, Nov. 1980. 


Giillatrr, Nave, usar, KR.Bsepinucar, i..D.,.\Patterson 
Man. ang Wilson, Wels. Jr.(L970), Project MiST?Ts 
Kinetics of Particulate Sulfur Formation in a Power 
Plant Plume Out to 300 km", Am. Ind. Hyg. Ass. J. 
wag 113) (1978). 


SOs 


34. 


35. 


36. 


Sis 


38. 


Sar 


40. 


41. 


42. 


43. 


Gillani, N.V., Kohli, S. and Wilson, W.E.. (1oso je 
"Gas-to-Particle Conversion of Sulfur in Power 
Plant Plumes: I Parameterization of the Gas Phase 
Conversion Rate", Symp. on Plumes and Visibility, 
Grand Canyon, Nov. 1980. 


Hampson, R.F. Jr. and Garvin, D. (1977), “Reaction 
Rate and Photo-Chemical Data for Atmospheric 
Chemistry - 1977", NBS Special Publication 513. 


Hegg, D.A. and Hobbs, P.V. (1980), "Measurements of 
Gas to Particle Conversion in the Plumes from Five 
Coal-Fired Electric Power Plants", Atm. Env. 14, 99 
(1980). 


Hendry, K.G. and Kenley, R.A. (1979), "Atmospheric 
Chemistry of Peroxynitrates", in Nitrogenous Air 
Pollutants, D. Grosjean, ED., Ann Arbor Science, 
Oe Ove 


Hobbs, P.V., Hegg, D.A., Eltgroth, M.W. and Radke, 
LF. (1979), “Evolution of Particles in the Plumes 
of Coal-Fired Power Plants - I. Deductions from 
Field Measurements.", Atm. Env. 12, 935 (1979). 


Husa, sk.BGy, GrllanigeNnsve and*Husar,.JiD.-tl9I6), 
"Particulate Sulfur Formation in Power Plant, Urban 
and Regional Plumes", Symp. on Aerosol. Sci. & 
Techn., 82nd National Mtg. of AICLE, Atlantic City, 
Aug.c197 6% 


Husar, R.B., Patterson, D.E., Husar, J.D., Gillani, 
Neve andiwilson,eweb."Jr.,(1T978a), /"Subtuerbudges 
of a Power Plant Plume", Atm. Env. 12, 549 (1978). 


Killinger ,e\eke gandiwWang,; WCr7Csl C97 /)y a" Absorption 
Measurements of Hydroxyl Using a CW Tunable Laser", 
Chem. Phys. Lett. 52, 374 (1977). 


Kok, G. (1981), Personal Communication. 


Lavery, T.F., Hidy, G.M., Baskett, R.L. and 
Thrasher, J. (1979), “Occurrence of Long Range 
Transport of Sulfur Oxides in the North Eastern 
United States", 4th Symp. on Turbulence, Diffusion 
and Air Pollution, Reno, Jan. 1979. 


Lee, Y-N., and Schwartz, S.E. (1981), "Reaction 
Kinetics of Nitrogen Dioxide with Liquid Water at 
Low Partial Pressure", J. Phys. Chem. 85, 840 
GOS es 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


u's 


326 


Doe 


54. 


55. 


56. 


~ 7 x 


Lusis, M.A. and Wiebe, H.A. (1976), "The Rate of 
Oxidation of Sulfur Dioxide in the Plume of A 
Nickel Smelter Stack", Atm. Env. 10, 793 (1976). 


Lusis, M.A., Anlauf, K.F., Barrie, L.A. and Wiebe, 
H.A. (1978), "Plume Chemistry Studies at a Northern 
Alberta Power Plant ", Atm. Env. 12, 2429 (1978). 


McConnell, J.C. (1973), "Atmospheric Ammonia", J. 
Geophys. Res. 78, 7812 (1973). 


Martin, L.R. (1981), Personal Communication. 


Martin, L.R. and Damschen, D.E. (1981), "Aqueous 
Oxidation of Sulfur Dioxide by Hydrogen Peroxide", 
Atm. Env. (in press). 


Meagher, J.F., Stockburger, L., Bailey, E.M. and 
HULE, O.;: (1973), *"The Oxidation of Gultur Dioxide 
to Sulfate Aerosols in the Plume of a Coal-Fired 
Power Plant", Atm. Env. 12, 2197 (1978). 


Melo, O.T. (1980), "The Occurrence and Nature of 
Brown Plumes in Ontario", Symp. on Plumes and 
Visibility. Grand Canyon, Nov. 1980. 


Meszaros, E., Moore, D.J. and Lodge, J.P. Jr. 
(1977), “Sulphur Dioxide - Sulphate Relationships 
in Budapest: Atm. Env. ll, 345 (1977). 


Middleton, P. and Kiang, C.S. (1979), "Relative 
Importance of Nitrate and Sulfate Aerosol 
Production Mechanisms in Urban Atmospheres", in 
Nitrogenous Air Pollutants, D. Grosjean, Ed., Ann 
Arbor Science, 1979. 


Moller, D. (1980), "Kinetic Model of Atmospheric 
SO5 Oxidation, Based on Published Data", Atm. Env. 
14, 1067 (1980). 


Newman, L. (1980), “Atmospheric Oxidation of Sulfur 
Dioxide as Viewed from Power Plant and Smelter 
Studies", Symp. on Plumes and Visibility, Grand 
Canyon, Nov. 1980. 


Orel, A. E. and Seinfeld, J.H. (1977), “Nitrate 
Formation in Atmospheric Aerosols", Env. Sci. 
Technol. II, 1000 (1977). -. i 


Perner, D., Ehhalt, D.H Patz, H.W., Platt, U. Roth, 
E.P. and Vorz, A. (1976), Geophys. Res. Lett. 3, 
466 (1976). 


ure 


58. 


See 


60. 


Gul. 


62. 


63. 


64. 


65. 


66. 


67% 


68. 


Prahm, ile, TODpe Vey and Stein, hem. (Lovo jy 
"Deposition and Transformation Rates of Sulphur 
Oxides During Atmospheric Transport Over the 
Atianvic",o felis’, <928%, 355769 oes 


Richards, L.W.,’ Anderson,. U.A.,, Blumenthal, D. is, 
Brandt, A.A., McDonald, J.A., Waters, N., Macias, 
E.S. and Bhardwaja, P.S. (1980), "The Chemistry, 
Aerosol Physics and Optical Properties of a 
Western, Coal-Fired Power Plant Plume", Symp. on 
Plumes and Visibility, Grand Canyon, Nov. 1980. 


Robert, P.Tstcand FriedYander/? S.K.4 ‘(19 h5)s, 
“Conversion O£ SO> to Sulfur Particulate “im the bos 
Angeles Basin", Environ. Health Perspective, 10, 
MOBS St 1957-5 3)36 


SuLch, P.b. end, VeLt rey, GH". “CLO 7o)* es Ait COoLne 
Transport of Sulphur Dioxide from the U.K.", Atm. 
Env (9.5643) (L975). 


Spicer, C.W. \@U977.)5) Adve inginv.* scr. Technol 
WO lkes clipe SLi dalae 


Spicer, C.W. (1979), “Reactions of NO, in Smog 
Chambers and Urban Atmospheres", EPA Workshop on 
Formation and Fate of Atmospheric Nitrates, Oct. 
TOs 9.0 


Spicer, C.W. and Sverdrup, GsH. (1979), "Trace 
Nitrogen Chemistry During the Philadelphia Oxidant 
Data Enhancement Study", Report to EPA 68-92-3338. 


Spicer, C.W., Sverdrup, G.H. and Kuhlman, M.R. 
(1980), “Chemical Reactions" Section C of Research 
Report to American Electric Power Service 
Corporation by Battelle Columbus Labs, 1980. 


Stelson, A.W., Friedlander, S.K. and Seinfeld, 
JeH. (1979), "A Note on the Equivibrium 
Relationship Between Ammonia and Nitric Acid and 
Particulate Ammonium Nitrate", Atm. Env. 13, 369 
(1979). 


Stevens, R.K., Dzubay, T.G., Shaw, L.W., Jr., 
McGlenny, W.A., Lewis, C.W. and Wilson, W.E. 
(1980), “Characterization of the Aerosol in the 
Great Smoky Mountains", Env. Sci. Technol. 14, 1491 
(1980). 


Tang, “J sN. (1980) 78"0n,. the “Equglibriums Partial 
Pressure of Nitric Acid and Ammonia in the 
Atmosphere", Atm. Env. 14, 819 (1980). 


Wang, C.C. and Davis, LeI. Jr. (1974), Phys, Rev. 
Lett. 32,, 349 (1974). 


69. 


70. 


71. 


farts 


aie ee 


Wang, C.C., Davis; L.1. Jr. Wu, C.H., Japar, S.,; 
Niki, H. and Weinstock, B.(1975), “Hydroxyl Radical 
Concentrations Measured in Ambient Air", Science 
LGe 7 Ce PPC LOD 59%. 


Wang, C.C. (1981), Personal Communication. 


Whitby, K.T., Vijayakumas, R. and Anderson, G.R. 
(1980), "New Particle and Volume Formation Rates in 
Five Coal-Fired Power Plant Plumes", Symp. on 
Plumes and Visibility, Grand Canyon, Nov. 1980. 


Williams, D.J., Carras, J.N., Milne, J.W. and 
Heggie, A.C. (1980), "The Oxidation and Long Range 
Transport of Sulphur Dioxide in a Remote Region", 
Symp. on Plumes and Visibility, Grand Canyon, Nov. 
1980. 


6. ATMOSPHERIC DEPOSITION 


Atmospheric deposition may be divided into two broad 
categories - wet deposition, which includes all pollutant 
Material reaching the earth's surface in precipitation; 
and dry deposition, caused by the processes of absorption 
of particulate and gaseous material by land and water 


surfaces. 


6.1 Wet Deposition 


Gaseous and particulate matter can be removed from 
the atmosphere by interaction with precipitation (rain or 
snow) either within the clouds (this is commonly called 


"rainout") or below the clouds (termed "“washout"). 


Both in rainout and washout, particles are captured 
by droplets by impaction and interception, Brownian dif- 
fusion and various electrical and phoretic mechanisms. 
In addition, hygroscopic particles, such as those 
containing sulphates and nitrates, can act as cloud 
condensation nuclei, and the rainout of these nuclei is 
now thought to be one of the major contributors of 
sulphur in precipitation (see, for example, Garland, 
1978). Gases are removed by diffusion and absorption by 
precipitation droplets. Absorption may be followed by 


chemical transformation, as in the case of sulphur 


Oa hae 


dioxide, where there is now some evidence that in-cloud 
Oxidation processes may be another large contributor (in 
addition to nucleation of particulates) to the sulphates 
found in precipitation (Hales and Dana, 1979b; Scott, 


1980). 


Mathematical modellers have usually parameterised 
the atmospheric wet deposition of particulate matter and 
gases either in terms of a scavenging coefficient or a 
washout ratio (e.g., see Dana, 1979). The former results 
from the assumption that wet deposition is an exponen- 
tial decay process (since particles and gases are 
repeatedly exposed to cloud or precipitation elements, 
with some chance of being scavenged during each exposure) 


obeying the equation: 


ego soeyrexpit= At) (1) 


where: 
Cy = concentration of scavenged material at time t 
Co = its initial concentration 
A = scavenging coefficient 


= Om 

The washout ratio is defined as the concentration of 
contaminant in precipitation divided by its concentration 
in air (usually at the surface level), 1.e., 

W = X/C 
where: 

X = concentration of contaminant in precipitation 

C = its concentration in air 

W = washout ratio. 

The two parameters A and W are related. For 
example, for the simple case of pollutant washout from a 


column of air having a uniform concentration over height 


h, One obtains: 


— 
Ul 


WJ/h 


where: 


Cy 
iH] 


the precipitation intensity. 


Therefore, in the following discussion, attention will be 
focussed on the scavenging coefficient, since most of the 


conclusions can also be applied to the washout ratio. 


oe Saree 


The scavenging coefficient depends on a number of 
meteorological parameters as well as the chemical and 
physical properties of the material scavenged. It is 
generally agreed that the precipitation rate and its 
characteristics (rain or snow) are important in determin- 
ing the value of , as are also the size distribution and 
chemical properties of the particles scavenged, and the 
solubility of gases (including its variation with temper- 
ature and acidity of the absorbing droplet). (See, for 
example, Engelmann, 1968; Slinn, 1977 and 1981; and 
Hales, 1978.) Although attempts have been made to 
predict the scavenging coefficient theoretically, the 
mathematical modeller must still look to experimental 
data whenever possible, since theoretical predictions 
(especially for particulates) may not be better than an 


order-of-magnitude (See, e.g., Slinn, 1977). 


The table below shows most of the available experi- 
mental data on A for sulphur and nitrogen oxides. Note 
the strong dependence of scavenging rate for S05 on the 
precipitation type and intensity, as indicated by the 
experiments of Summers (1977). Part of the large 
observed variability in A for SOz can no doubt also be 
attributed to the dependence of SO solubility on the 
acidity of the absorbing raindrops (Hales, 1978; Hales 
and Dana, 1979a; Barrie, 1981). There is little data 
available on wet deposition rates of sulphates or the 


nitrogen compounds. A compilation of the data on 


scavenging of particles in a similar (submicron) size 
range to sulphates, by rain and snow, shows that most of 
the available A values fall within a factor of two or 
three of 10> 67 (Lusis and Shenfeld, 1981). It 

should be noted that for hygroscopic particles such as 
sulphates and nitrates, the scavenging rate may also 
strongly depend on the mechanism of precipitation 


formation (Scott, 1978, 1981). 


Experimental Data on Scavenging Coefficients 
for Sulphur and Nitrogen Oxides 


Source (Give gl) Comments 
Kalsteinvet (ale, 2 Rainout and washout 
(1959) of SOq4 and NO3. 
Beilke (1970) 17 j0-6 Laboratory washout 


results for S09 
NOD. = 1/4 SO> 


Makhonko (1967) 6 Eleld, data f£oOr.505 


Danawet “alee. 975) 0 OL ee Washout of SO, from 
generating station 
plume. Strong 
dependence on 
raindrop acidity. 
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Summers (1977) 3J Based on field data 
= rainout of S05 


O..1J Based on field data 
- snowout of SO9 


Note: J = rainfall rate, mm h71 


6.2 Dry Deposition 


Particles and gas can be dry-deposited at the 
earth's surface by a number of mechanisms including 
impaction, gravitational settling and Brownian diffusion 
(for particles) and molecular diffusion followed by 
absorption (for gases). For both particles and gases, 
turbulent diffusion within the boundary layer plays an 
important role in bringing material to the earth's 


surface. 


The dry deposition rate has usually been estimated 
from the ambient concentration of the substance of 
interest using a parameter called the "deposition 


velocity", which is defined by the equation: 
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where: 


F = the flux of material to the surface 
c = its ambient concentration 
v = the deposition velocity 


The deposition velocity is an experimentally deter- 
mined parameter, and should refer to the same height as 
the concentration measurement. It is interesting to note 
that not only has the deposition velocity approach been 
generally adopted by mathematical modellers, but a recent 
EPA workshop on dry deposition rate measurement methods 
also concluded that, until reliable methods suitable for 
direct field monitoring of dry deposition are developed, 
the use of this approach is the only presently available 
alternative that is practical and sufficiently accurate 


(Hicks etwale;) 19810))% 


The deposition velocity depends on meteorological 
parameters such as atmospheric stability and wind speed; 
On surface characteristics (such as surface roughness, 
and type of surface) and on the physical and chemical na- 
ture of the substances deposited. (See, for example, 
discussions in Wesely and Hicks, 1977; Sehmel, 1980.) 

The following table shows some of the experimental 
results for deposition velocity of sulphur and nitrogen 


oxides. 


tne SF eee 


Experimental Data on Dry Deposition Velocities 


for Sulphur and Nitrogen Oxides 


Source 


Chamberlain 
(1979) 
Husar fet fal 
(1978b) 


Garland (1978) 
Droppo (1979) 


Siévering et al. 


CLS) 
Bverett et, al. 
(L979) 
Ibrahim et al. 
(1980) 


v (cm s7t) 


0.4 bh 0.8 


<0.1 
Cio Fe Cos 
Negative 


Comments 


50.4,0Vern .a. vanlety: ‘of 
plants and soils, wa- 
ter. May be somewhat 
lower (0.1 - 0.2) for 
snow. 


SOq4 Over grass. 
Over arid vegeta- 
tion. SO4 daytime, 
non-arid vegetation 
(i.e., surface 
source) 


SO4 


SO, over water. 


SO, over slightly 
rolling grassland. 


Ammonium sulphate 
aerosol over snow. 
(Note: the aerosol 
size distribution was 
bimodal with much of 
the material deposit- 


Judeikis and Wren 0.3 - 0.8 
(1978) 


Sehmel (1980) Nes, 


Judeikis and Wren 0.1 - 0.2 
(1978) 


Sehmel (1980) O.1 


ed from the mode with 
10 micron mass median 
diameter). 


NO> Over soil, cement 
surfaces. 


NO» over alfalfa 
canopy. 

NO over soil, cement 
surfaces. 


NO over alfalfa 
canopy. 


Keeping in mind the material presented above as it 


relates to atmospheric chemistry and deposition, we wish 


to discuss model parameterization before entering into a 


specific discourse related to the MOE-LRTAP model. 


Our understanding of the dry deposition of sulphur 


dioxide is relatively good. 


For a wide range of 


surfaces, including vegetation, water and soils, the de- 


position velocity has been found to be typically in the 


range 0.4 to 0.8 cm s~l, For snow surfaces, the value 


is somewhat lower (0.1-0.2 cm s71)- 


A comparison of the 


deposition velocities of SO 5, NO»z and NO on similar 


surfaces suggests that values for NO» are somewhat 


smaitler than those for S05 = roughly ‘one=hnalf as greau = 


while those for NO are less than one-tenth as great 


(Judeikis and Wren, 1978; Sehmel, 1980). 


The dry deposition rate of sulphates is not as well 
understood as that for SO», and there is at present some 
confusion about deposition velocities of particles in the 
0.1 - 1.0 micron size range (where most of the sulphate 
mass is expected to occur). Lusis and Shenfeld (1981) 
have supplemented the deposition velocity values for 
sulphates shown in the table above with others observed 
for substances such as lead (which occurs in a similar 
particle size range), and have found that for smooth 
surfaces, such as snow or water, the particle deposition 
velocity is small - less than about 0.2cm sl. For 
rougher surfaces, the Papert: data range from less than 
0.1 cm g71 (including a number of negative values) to 
velocities comparable to those for SO (Sheih et al, 
1979). Theoretical predictions for submicron particles 
suggest that for relatively smooth surfaces v should not 
be much greater than 0.1 cm s~1t (see, for example, Sehmel 
and Hodgson 1978; Ibrahim et al., 1980), but considerably 
greater values are possible for rough surfaces such as 
vegetation (Davidson et al., 1981). Nevertheless, more 
experimental data is needed to clarify some of the 
contradictory measurements on sulphate dry deposition 
rates. Also, as can be seen from the table, no data are 
currently available on dry deposition rates for 


particulate nitrates and nitric acid. 
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7.  PARAMETERISATION OF ATMOSPHERIC PROCESSES 


IN CURRENT MODELS 


In the Federal Register of Friday, May 1, 1981 it is 

stated that the EPA would "...welcome comments and 
testimony on the availability and use of long range 
models...." Several long range transport models are now 
being developed and utilized by a number of groups or 
agencies. In order for these models to be operational, 
such items as atmospheric chemistry and deposition need 
to be parameterised. The previous two chapters have 
Summarised Ontarios'present knowledge of atmospheric 
chemistry and deposition and this chapter describes the 
parameterisation of long range transport models presently 
in use to describe*S Senor e from source to receptor 
areas. As pointed out below, these models deal only with 
sulphur emissions transport, chemistry and deposition. 
It is important that the models consider all forms of 
sulphur and that this problem cannot be approached by 
addressing SOj alone. When looking at source-receptor 
relationships, the complete SO,-SOq4 picture must be 


studied. 


The atmosphere is a very complicated system, yet 
most of the current models for long range transport 
attempt to parameterise chemistry and deposition by 
simple, linear rate laws (either explicitly or 


implicitly). Attempts at more complex (and realistic) 


development, and testing and validation of such models 
will require time, probably several years. Ontario is 
thus confronted with the dilemma of having to make 
decisions, before irreversible environmental damage 


occurs, uSing admittedly imperfect modelling tools. 


In fact, the parameterisations used for wet and dry 
deposition rates have some theoretical basis (see, for 
example, Engelmann, 1968; Slinn, 1977), and are generally 
accepted by the scientific community, with the proviso 
that more experimental information is needed to define 
better the values of these parameters under different 
meteorological conditions (and possibly also for 


different geographical areas). 


On the other hand, the incorporation of atmospheric 
chemistry into current models merits further discussion, 
which will be illustrated by reference to the five models 


listed below: 


Representative, Current Long Range Transport Models 


Name Reterence 

ASTRAP Shannon, 1981 

ENAMAP Bhumralker et al, 1980 

RCDM Niemann et al, 1980; Fay and 


Rosenzweig, 1980 
AES-LRT Voldner et al, 1980 


OME-LRT Venkatram et al, 1980 


These models were singled out because of their 
identification by Work Group 2 as set up according to the 
U.S.-Canada Memorandum of Intent on Transboundary Air 
Pollution. They are representative of current modelling 


efforts, and are presently in a running state. 


None of these models considers the chemistry of the 
nitrogen oxides at all, while they all treat the chemis- 
try OinsO>i as being) first, order. .With..the, exceptionnof 
ASTRAP, a constant value of the rate coefficient is 
employed, the value being such that the diurnally 
averaged conversion rate of SO j is approximately 1% 
hr-1, ASTRAP is more realistic in using a diurnally and 


seasonally varying rate coefficient. 


Clearly the treatment of atmospheric chemistry is 
not complete, and critics of current modelling efforts, 
and the use of these in deriving source-receptor 
relationships and in evaluating control strategies, have 
not been slow to point this out. The result has been an 
understandable confusion on the part of legislators, 
scientists not working in the atmospheric sciences and 
the general public. The question, which is addressed 
below, is whether or not current models can provide 
usable information, even though they treat the chemistry 


in such a simple fashion. 
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Obviously the models will be improved if the 
chemistry of the nitrogen oxides is included, but in 
justification it should be noted that signifitcant-arrece 
interaction of SO2 and NO, does not occur in the 
atmosphere (Calvert et al, 1978), although there is some 
indirect interaction by virtue of the role of NO and NO? 
in the photochemical generation of species such as OH, 
HOj, and alkylperoxy radicals which are important in the 
oxidation of SO. However, NO and NO2 are also 
competitors for these species, so that increased produc- 
tion is somewhat offset by increased consumption. Thus, 
particularly when it is remembered that NO, is emitted in 
smaller quantities than is SO, the neglect of NO, | 
chemistry does not invalidate the SO> chemistry that is 
included. However, since NO and NO» are transformed into 
acidic species (HNO3) and aerosol particles, it is 
apparent that current models will tend to underestimate 
the impacts on receptors in terms of factors such as acid 
rain and visibility impairment. As a result of this 
conservative aspect, the models are suitable for 
regulatory or guideline use since such an application 


would not result in source over-regulation. 


The use of a linear rate law for the oxidation of 
SOj has also received considerable criticism, and it is 
therefore instructive to consider the various oxidation 


reactions of SO., 


The major homogeneous pathway is reaction with OH, 
while reaction with species summarised as RO» will become 
important under polluted conditions. These processes 
have been convincingly demonstrated in numerous 


laboratory studies to be first order (see Calvert, 1981). 


The catalysed aqueous phase oxidation of SO, by 
atmospheric oxygen has been critically reviewed by Durham 
and Demerjian (1981). They found that in many experi- 
mental studies the experimental conditions were not 
appropriate to those pertaining in the atmosphere, or 
were Otherwise not sufficiently well characterised for 
meaningful conclusions to be drawn. Of the three studies 
On manganese catalysis which passed their assessment, two 
were consistent with a zero order reaction with respect 
to tetravalent sulphur, S(IV), while the third indicated 


a first order dependence. 


Durham and Demerjian (1981) also reviewed the oxida- 
tion catalysed by iron. In this case, three studies are 


in agreement with a reaction first order in S(IV). 


There also appears to be some uncertainty concerning 
the rate law for the aqueous phase oxidation of SO9 by 
hydrogen peroxide. Penkett et al (1979) found that this 
reaction is first order with respect to HSO3, while 
Martin and Damschen (1981) found a first order dependence 


on SO2.H20, i.e., dissolved sulphur dioxide. 
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The following equilibria are set up when gaseous SO 


encounters water 


SO9(g) <=> SO . H20 


SO7.H20 <=> HSO3 + Ht 


HSO3 <=> SO32- + HT 


where the third step can be neglected for the normal pH 
values encountered in clouds, fogs, rain, etc. It 
follows that the dissolved SO» concentration is directly 
proportional to the gas phase concentration, while the 
bisulphite ion concentration depends on the square root 
of the gas phase SO» concentration. The concentration of 
S(IV) in the liquid phase, being the sum of dissolved SO, 
and bisulphite, is thus also not strictly linear in gas 


phase SO5. 


However, a comparison of the rates expected for the 
strictly first order homogeneous reactions (i.e., up to 
at least 3.6% hr7/) Suggests that in many cases the 
former will dominate in the conversion of SOj. The 
overall rate law will therefore be approximately first 
order with respect to SO5 concentration, unless unusual 
circumstances, e.g. a plume containing substantial 


concentrations of manganese, result in one of the 


—'Q9) 


non-linear processes dominating the reaction. Thus, the 


oxidation of SOz can usually be approximated by 


d[SOj] = k[SO9] 


dt 


where the rate coefficient, k, is given by 


k = kon + Kron * kun + Kpe + Kyy0, 


This should not be interpreted as suggesting that 
the rate coefficient has a constant value. In fact, the 
converse is true, as can be see by considering the 


individual contributions to Ke 


The value of koyq depends directly on the concen- 
tration of hydroxyl radicals. Direct measurements of 
these concentrations have recently become available 
eCanpbed-1yle ta 1 41197-9; 7998) pekernerdetwail pulO7.Gy) Wangrnet 
may OO 7 4797 Sy LOS is CDavishet Labwh7 67 G97 9a70L979b, 
1981; as discussed by Calvert, 1981). It might be 
expected that these concentrations would depend strongly 
on the presence of pollutants such as NO, and hydro- 
carbons in the air, but this turns out not to be the 
case. For polluted air at 40°N latitude, the peak 
concentration of OH appears to be about 9 x 10© radicals 
per cm3, while for rural air the value is about 8 x 106 


cm73 (Calvert, 1981). The reason for this relative 


=U) = 


is that while the pollutants accelerate the production of 
OH, they also accelerate its removal, thus maintaining 


the balance (Durham and Demerjian, 1981). 


The concentration of OH is, however, very strongly 
dependent on solar radiation intensity, as is evidenced 
by the difference between the peak summer concentration 
(9x 106 em=3)% peak winter concentration (2.4 x 10° 
cm-3), and night time concentration (eas 102 *cms3) 
(Calvert, 1981). It is thus clear that the formulation 
of ASTRAP (diurnal and seasonal variation of the rate co- 
efficient) is more realistic than that of the other 


models. 


The magnitude of KRO4 depends on the concentra- 
tions of the species RO 7, which will depend in turn on 
the particular mix of pollutants being studied, with the 


hydrocarbon composition being particularly important. 


It appears that the rate coefficients for the 
catalytic oxidation of SO 9, i.e. kyyn and Kpe, depend 
sensitively on not only the catalyst concentration, but 


also on pH, while ky,9, depends on hydrogen peroxide 


concentration, and on pH. 


However, although four of the five terms contribut- 
ing to the pseudo first order rate coefficient for S09 


oxidation show dependence on the precise composition of 
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the air parcel in question, there is still justification 
for accepting the validity of the simple formulation 


adopted in current models. 


In the situation of long range transport the 
reaction between OH and SO 9 is expected to predominate as 
has been discussed above. This is partly because it is a 
rapid reaction, but is also due to the fact, previously 
noted, that OH radical concentrations remain approximate- 
ly constant, while the concentrations of the other, 
pollutant derived, reactants will tend to decrease during 
transport as the plume dilutes. A substantial contribu- 
tion to the rate coefficient is thus relatively independ- 


ent of atmospheric composition. 


The elimination of diurnal and seasonal variation of 
the rate coefficient, as used in five of the six models 
can only be justified for application to long times, when 
considerable averaging occurs. Therefor, in the present 
controversy, a distinction should be made between 
long-term, and event models. On an event basis, there 
can be a large variation in transformation and deposition 
rates (as is suggested by the discussion above and by 
some of the data presented in the previous chapters), and 
the interpretation of long range transport episodes, as 
well as their modelling, is a very difficult undertaking, 
requiring a considerable level of detailed knowledge 


about the history of the air parcel under consideration - 
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knowledge, which is often not available. On a long-term 
basis, however, many of these fluctuations re smoothed 
out, and the interpretation of long-term data is 
relatively simple compared to that of event data. The 
situation is somewhat analogous to the analysis of air 
quality monitoring data around a local point source. 
During a particular hour, a given downwind monitoring 
Station may be measuring background concentrations, even 
though fumigations may have been strongly expected (the 
fumigation may have been occurring nearby, where no 
monitor was present); on the other hand, over a longer 
period of time, the average concentrations determined by 
the monitoring network should clearly indicate the 


effects of the point source on the local area. 


Thus, comments will be confined to long-term model 
ea eet ene In these, “representative" atmospheric 
transformation and deposition rates can be used, based on 
the considerable body of available experimental and 
theoretical data. If the parameters are viewed in this 
way, then for an assessment of current source-receptor 
relationships, arguments about whether or not certain 
processes are accurately linear become largely academic, 
provided that assessment is restricted to the current 
situation. That is empirical data on transformation 
rates, determined under a wide variety of meteorological 


and geographical conditions is being used to calculate 


the fate of substances of interest. This empirical data 


eee MUS 


should be valid if there have been no marked changes in 
emission characteristics or meteorological processes 
Since the time of the measurements. Thus the model 
predictions regarding the current impact of a particular 
source area on a particular receptor, on a long-term 
basis will be valid (of course, there is a margin of 
error associated with model predictions, because the 
understanding of atmospheric processes is still not 
complete). Also, various degrees of refinement are 
possible, even in models which deal with atmospheric 
processes in a simple way, such as the incorporation of 
diurnal, seasonal and geographical differences in the 
model parameters. The more refined models will improve 
the accuracy of predictions, but in many cases the 


necessary empirical data are still not available. 


Care must be exercised when using models for 
predicting the consequences of changing the rates of 
emissions, or their composition - i.e., for control 
strategy evaluation. Ontario is satisfied that its long 
range transport model gives a good picture of the present 
situation. The indications are that the present sulphur 
loadings in Ontario are too high by a factor of 2 or 3. 
Ontario has parameterised the model with the best 
available information in order that it gives, "a best 
estimate", of the present source-receptor relationships. 
Although the model is not necessarily accurate enough to 


define the final regulatory decision, it is felt that it 
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can strongly indicate where money and effort should be 
best expended to control sources which would then result 


in the greatest benefit to sensitive receptor areas. 


Ontario feels that if stepwise source reduction were 
considered, the model could reasonably project the 
qualitative picture of the loading changes, in spite of 
the linear nature of the parameterisation of the 
chemistry. Calvert in his summary of his review of The 
Tropospheric Chemistry of Sulphur Dioxide and the 
Nitrogen Oxides (See, Appendix 6, pg. 25) states that 
",.e.Until such time that more definitive experimental and 
theoretical treatments of the heterogeneous pathways can 
be made, it will be necessary to use some form of 
empirical parameterization of these processes in 
modelling attempts. Such methods cannot be of lasting 
value, and predictions based upon them will necessarily 
be of uncertain usefulness in development of predictive 
models and control strategies for ‘acid rain'...." 
Ontario therefore realizes that caution must be exercised 
in the use of the long range transport model and as a 
result, confidence limits are carefully considered when 
the model is utilized. This is why stepwise reductions 
are recommended as a first cut at reducing the total 
sulphur loadings in areas such as New York, Pennsylvania 
and Ontario. The way in which this is accomplished is 
discussed in detail in Chapter 10 for a recent situation 


in which an aggregation of SO sources 


cad Use 


in Ontario were controlled. 


In summary, it can be said that the homogeneous gas 
phase reactions of SOj and NO, are now fairly well under- 
stood, while a start has been made on unravelling the 
complexities of the heterogeneous reactions of these 
species. Although these processes are known to be 
complex, mathematical models in current use make the dra- 
Bric Simplifications of omitting NO, chemistry 
PomplLetely, <and Incorporating SO5* oxidation as “a First 
order process with a diurnally and seasonally varying 
rate coefficient (ASTRAP) or with a fixed rate 
coefficient (ENAMAP, RCDM, AES-LRT and MOE-LRT). A 
detailed analysis of the chemistry reveals that for par- 
ticular applications the utility of the models is not 


destroyed by these simplifications. 


Currentamodels .emphasis SO. chemistry because Of” the 
importance of sulphur compounds to impacts on the acid 
sensitive receptors. It has been pointed out by Work 
Group I of Canada/U.S. MOI that NO37 has relatively 
less impact on the sensitive receptors than SO4~. The 
relative importance of .SOg~ and.NO37 with regard to 
their impact on sensitive receptors is fully discussed in 


the Aquatic and Terrestrial impact chapters. 
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The conclusion is reached that current models are 
adequate for defining source-receptor relationships on a 
long-term, long range basis, but that they have not yet 
been developed to the stage where they can be applied 
with confidence to the study of single pollution episodes 
or to the derivation of source control strategies. It 
can be stated though, that the deposition of secondary 
pollutants (such as acidity) can be related to particular 
emission sources, and that a reduction in emissions will 
result in a reduction in deposition. A quantitative 
relationship between the two reductions is probably not 
yet available, but since current rates of deposition are 
damaging to the environment, it follows that, at the very 


least, emissions must not be increased. 
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8. MINISTRY OF THE ENVIRONMENT MODEL 


In his presentation at the June 19th Hearing, Dr. 
Gregg Van Volkenburgh talked about "What Modelling Tells 
Us About Ontario, New York and Pennsylvania Transboundary 
Air (Pobhitiront. tin ladd leron..to Wvisivcomnments eat xtivar 
time, this submission includes, a detailed description of 
the MOE Statistical Long Range Transport Model. (See 
Appendix 7). This document describes the nature, 
development, assumptions, parameterisation, testing and 
application of this model. Appendix 8 is a report ona 
test of the model sensitivity to uncertainty in the value 


of the input parameters. 


The MOE Model has been very useful to Ontario in 
predicting the long-term impact of source areas on 
eastern North America. It is a current state-of-the-art 
model and it is continually being modified and upgraded. 
It is presently being critically reviewed by Work Group 
II of the Memorandum of Intent. The Ministry of the 
Environment also commissioned peer reviews of this model 
and these comments are shown in Appendices 9, 10 & ll. 
Although the three reviewers were correct in pointing out 
several shortcOmings or ways in which the model could be 
improved, the overall tenor of their comments was that 
the model was an acceptable way of predicting the deposi- 
tion contributions of existing sources. A few of the 


commments are listed below: 
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"In summary, the MOE model is a highly 
efficient and useful method for predicting 
L.R.T.A.P., although it has some disadvantages 
and may lack important time resolution. 

Further development and verification of the 
model seems called for, but provided it is 
presented fairly and forthrightly it does seem 
to provide a reasonably good basis on which to 
argue Ontario's case to the American hearings." 


F.B. Smith 
Meteorological Office 
Bracknell, England 


"The MOE model, within its limits of 
accuracy, is a satisfactory method of assessing 
the sulfur deposition over Ontario from 20 
U.S. power plants and for estimating changes in 
deposition produced by changes in emission.” 


Further work underway at the MOE and else- 
where may help to refine the model and the 
choice of parameter values used. 


B.E.A. Fisher 

Central Electricity 
Research Laboratories 
Leatherhead, England 


"Ontario has provided an assessment 
analysis using a simplified statistically-based 
model. The model formulation accounts for the 
most important aspects of long range sulphur 
oxide transport including transformation and 
removal. These are simulated in a physically 
realistic manner consistent with models and 
assumptions of other investigators. The model 
clearly has limitations but gives reasonable 
estimates of levels of long-term pollutant 
concentrations and deposition values which are 
supported by limited verification studies. 
Sensitivity tests indicate that some variations 
in concentration and deposition patterns which 
the model is unable to simulate may cause 
significant deviations from the long-term mean 
values. These do not negate the value of the 
MOE estimates, but do show areas for model 
improvement." 


D.J. McNaughton 
North American 
Weather Consultant 
Salt Lake City, Utah 
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Ontario has therefore been encouraged in its model 
development, and is therefore trying to improve or 
upgrade its statistical model as well as work on the 
development of an event model to assist in the better 


evaluation of source-receptor relationships. 
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9. STANDARD SETTING IN ONTARIO 


Before discussing Ontario's application of its 
long range transport model to the Province's major S09 
emitters, below is provided a short summary of Ontario's 
methods for standard setting and the special application 
of legislation when it is deemed necessary for complex 


Situations. 


In Canada, the Provinces are responsible for 
managing their own air quality and Ontario has developed 
its own approach to ambient air management involving the 
use of ambient air quality objectives and point of 
impingement standards to prevent any adverse effects. 
The ambient air quality objectives (not" standards), are 
used to judge the impact of emission control programs. 
The point of impingement standards are modified emission 
standards for individual sources, and are set such that 
if everyone abides by them, the ambient air quality is 
satisfied. In setting these standards, cognizance is 
taken of the contaminant general background concentra- 
tion, the importance of the contaminant, synergistic 
effects with other contaminants, and any other signifi- 
cant factors affecting the attainment of the desired air 


quality. 


Provincial legislation involves the setting of 


comprehensive general regulations, but authority is also 
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given for handling special circumstances requiring more 
stringent standards. Where the application of a general 
standard does not result in good ambient air quality, 
studies are undertaken to determine the facts of the 
situation, and to set appropriate regulations to deal 
with the circumstances (e.g., a special regulation for 
the Sarnia area, the Air Pollution Index, and the sulphur 


in fuel regulation for Toronto). 


This approach is similar to the U.S. offset policy 
in non-attainment areas, which calls for a reduction in 
contaminant emission from the existing plants in an area 
to allow for the emissions from a new operation coming 
into the area as well as involving an incremental 
improvement in ambient air quality. Ontario regulations, 
on the other hand, require that the reductions made by 
existing sources are sufficient to satisfy the ambient 
air quality criteria in the area, as well as making an 


allowance for the emissions from the new operation. 


In Ontario, where a new source of contaminant 
emission is being considered in an industrial complex, it 
is normal practice to assess the overall emission of the 
contaminant from the whole complex in determining its 
compliance with the point of impingement standard. This 
is a procedure similar to the U.S. bubble policy which 
allows the company the flexibility of using the most 


cost-effective means of reducing contaminant emission, 


Seo. = 


provided the required total reduction is achieved for the 


complex as a whole. 


However, more recently there has been concern 
regarding the adverse effects of acid deposition 
resulting from long range transport of contaminants. 
Although the ambient air quality criteria were essen- 
tially being met by INCO LTD. and ONTARIO HYDRO, special 
legislated regulations were promulgated requiring 
Significant reductions in acid gas emissions. In the 
case of Ontario Hydro, this utility has the flexibility 
of choosing the sites for contaminant reduction as well 
as uSing the most cost-effective means of achieving the 
overall reduction. In other words, this is a broader 
application of the U.S. "bubble policy" as well as an 
example of a special regulation to deal with a specific 


pollution problem. 
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10. APPLICATION OF THE LONG RANGE TRANSPORT MODEL IN A 


MULTI-SOURCE ABATEMENT STRATEGY 
TORU Introduction 


In this chapter it will be demonstrated how a long 
range transport model can, and has been, utilized to help 
develop an abatement strategy for aggregate sources. 
Using this technique, it is possible to estimate the 
effectiveness of various control strategies and then 
apply resources and efforts to abatement activities at 
the sources which would achieve the greatest relief for 
susceptible receptor areas. Although, in Ontario, this 
model application was carried out for acid rain 
abatement, the same principles can be used for control of 


sources: Of 5057 andprotherupoldlineants:. 


The MOE-LRT model was utilized in the case of 
Ontario Hydro to develop source-receptor- relationships. 
These relationships were used as one tool in determining 
the costs and benefits of specific control option 


scenarios. 


The following is a description of how the model was 
applied to the task. The deposition rate of all forms of 
Ssulphun;, Dai ace ene jth receptor is given by the 


following equation: 


E4T.;3 = Dj Cs) 
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where EB is the emission rate of sulphur at the 3th 
source. The quantity T3i represents the physical 
relationship between the source j and the receptor i, and 
the summation is carried over repeated indices. The 
collection of values Tj; comprise a "transfer matrix". 
Equation (I) implies that atmospheric processes leading 
to the deposition of sulphur to the surface are linear. 
The validity of this assumption is discussed in Chapter 7 
"Parameterization of Atmospheric Processes in Current 
Models", and was considered explicitly when the results 
of these scenarios were reviewed. It was felt, however, 
that the linearity assumption did not limit the 


usefulness of the model in this exercise. 


There are several ways in which equation (1) can be 
applied to maximize a reduction in the deposition of 
sulphur to the receptor. One such method is to prescribe 
‘a priori’ a deposition field which satisfies the 
constraint on the maximum permissible deposition to the 
receptors, and infer through equation (1) the emission 
field which satisfies this constraint. This gives the 


following: 
Roe Da wna (2) 
where D; is the target deposition rates, B 5 is the 


emission field meeting this target, and ey ig is the 


inverse of Tix: 


putt ies aes, 


A second approach is to use a linear programming 


method where constraints can be put on both Dj and the 


cost of reducing Es to satisfy these Dj values. This is 


represented by the following: 


SeEsTIG <} Dy 89 
v 
z Es = Maximum. (4) 
; 


Equation (4) assumes that cost is linearly related 
to the emission reduction. For large emissions 
reductions throughout a system, this assumption may break 
down, but for the extent of the system reductions which 
were contemplated in this exercise, the assumption 


generally holds jtrue. 


A third approach is to reduce emissions such that 
the reduction in deposition of sulphur at the receptor is 
maximised, subject to some constraints on the emissions. 


The objective function is now defined as: 
AD -2% As; Tis C57 


where4p is the reduction in Du Es is the reduction in 


Es and aj 1S a weighting factor depending on economics, 


existing damage, etc., related to a specific receptor. 


Equation (5) can be simplified to the following: 


Av= Ades. (6) 
where 
fj = aiTsi (7) 
1022 Application of the Model to Ontario Hydro 


The strategy to reduce the SO 7 emissions from 
Ontario Hydro was developed from assessments done using 
the methods outlined above. The following discussion 


explains in detail how the various methods were applied. 


1 Reductions Calculated According to Maximum 
Deposition Reduction in Sensitive Areas 


These calculations involved maximising the reduction 
of deposition at sensitive receptors in the United States 
and Canada (Approach 3 in Section 10.1). The reduction 
of deposition, 4p, was maximised given a set of 
constraints on the emissions at the six Hydro stations 


whose 1978 emissions are given below: 


Maximum 
Possible 


1978 S09 
Emission 


Rates Expected Reduction 
Name of (tonnes/ Retirement] ( Eri) 
Power Plant year) Date (tonnes/year) 


Nanticoke 133.370 2007 165,483 

Lambton 13.0559 7.0 2003 hE, One 

Lakeview 89,220 1996 80,298 

Lennox Ags OP RSNT| Now moth- 10,648 
balled 

Thunder Bay C0. 93 roo 6,028 

Hearn Shr ishow, 1988 SEN re 


The column on the right gives ere aati possible 
SO» emissions reduction (45,4) which could be achieved 
with the best available technology. Therefore any 
reductions (4E;) would of necessity, have to be equal to, 
or less than, this amount. This information can be 


expressed by the mathematical statement: 


Ain pes dup; (8) 


The Ministry of the Environment estimated the 
emission reductions ( E;) necessary to maximise D given 


that. 


Cr) FOE; = O0.> x V97S emissions: (i663, a. 20% emissions 
reduction across the fossil-fueled part of 


Hydro's system). 


G2) See y = 0/5 x 1978 emtisstons (ise... a 252 emicetons 
reduction across the fossil-fueled part of 


Hydro's system). 


The environmentally sensitive receptor areas 


considered in computing AD were: 


ape oe res 


1. Muskoka-Haliburton, Ontario 
2. Algoma, Ontario 

3. Lakehead, Ontario 

4. Val D'or, Quebec 

5. Western Pennsylvania 


6. Adirondacks, New York 


Note that there are three sensitive receptors in Ontario, 
one in Quebec and two in the United States. The Ministry 
examined the emission reductions corresponding to several 
possible ways of assigning the weighting factors aj; in 


equation 7. 


Scenario Weighting 


Limes eo a=4a50Stlnpeay’ Shee ahaa S04 0 


This weighting restricted the evaluation to Ontario 


This weighting placed importance on protecting the 
Muskoka-Haliburton Region because of its economic 


importance and existing heavy loadings of sulphur. 


Sweeties es, Goeee4ghe sqGaa1 7 Oe A5ere4Genu! <0 


This arrangement considered Canadian areas. 


Pega eas YSCas Ps 2anneeie! sear ag zt 2 0.0 


This weighting considered Canadian areas equally. 


De 9 Ay a5 ="a4 = aA eeeacaeey ocean 


This arrangement considered all areas equally. 


Oe ay = Sy 45 *=—d9 = afc 45 = ape 


This arrangement considered all areas. 


The transfer matrix elements Tj; were taken from the 
MOE statistical long range transport model, by 
considering the impact per unit area per unit time, for a 
unit emissions rate. Using the procedure described 
previously, 4D was maximised for the six scenarios and 
two emissions rate reductions outlined above. The cost 
of each scenario was then computed, and costs versus 


benefits were intercompared. 


The results of calculations using this approach 
allowed the Ministry to formulate the following 


conclusions: 


° The largest reduction in deposition for all 
scenarios occurred when maximum emissions controls 
were placed on the smaller plants, and then to a 


slightly lesser extent on some of the larger plants. 


° However, the cost of these scenarios was extremely 
high, because the smaller plants required a large 
capital investment to have control equipment or 


special fuels employed. 
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If one reworked the calculations for each scenario 
using control at the largest three plants only, the 
cost was much lower, and the deposition reduction 
only slightly less. This situation occurred because 
the smaller plants were close to sensitive areas, 
but did not have a large amount of emissions. In 
other words, they were initially selected for 
control because of their damage per unit emissions. 
However, if one deleted them from the list of 
sources to be controlled, because the emissions were 


small, the absolute impact was small. 


The results of all scenarios indicated that control 
at the oldest large plant - Lakeview - was 
marginally more effective than at the two newer 
large plants - Lambton and Nanticoke. However, if 
control equipment (such as flue gas scrubbers) were 
employed, the cost of each scenario would be very 
large, Pavene eect the limited lifetime of the plant 
and the lack of room for the equipment. (Landfill 
into the lake, and special physical plant design 


would have been required to install such equipment.) 


However, where the scenarios were rerun with 
Lakeview excluded from control and only Lambton and 
Nanticoke included, the “environmental benefit", as 


measured by4D, achieved from a fixed amount of 


ste PAC arm 


emissions reductions at one or both plants, was 
nearly as large numerically as that of the "three 
plant" scenarios. Given the uncertainty level of 
the model, it was judged that the results were not 
Significantly “dviterent And *the: cost "or these =twe 
plant" scenarios was much lower than the cost of 


scenarios involving large scale control at Lakeview. 


The scenarios which considered Ontario sensitive 
areas only as the basis of control indicated that 
maximum emissisons reduction at Nanticoke, followed 
by Significant’ control” acelambton, achteved omy. > 
to 10 per cent more in deposition reduction than 
control instituted in the reverse order. This 
difference was judged not significant in view of the 


model's uncertainties. 


A similar result was obtained for these two plants 
£or scenarios “involving all “Canadian, or all North 


American areas. 


The overall conclusion from applying this method was 
that if one applied a fixed amount of emissions 
reduction to either Lambton or Nanticoke, the costs 
were Significantly lower than all other scenarios, 
and the amount of deposition reduction seen was 
within 20% of the maximum achievable when controls 


were applied at any of the six plants. 


ee ane 


ia Ze 2 Reductions Calculcated on the Basis of Optimum 


Cost Allocation 


As a second method of assessing how to reduce impact 
from SOj emissions, the Ministry applied a fixed amount 
of dollars for SOj removal in various ways, and then 
calculated the amount of deposition reduction seen at 
various receptors. This is basically Approach 2 
discusssed previously in Section 10.1. Conclusions from 


this analysis were that: 


° Control expenditures (in terms of amount of SO9 
removed per dollar spent) were most effective for 
Lambton and Nanticoke, next for Lakeview, and then 


for the smaller emitters. 


° When a fixed amount of dollars was spent at either 
Lambton or Nanticoke, the amount of emissions 
reductions produced a benefit of deposition 
reduction for all areas which was equal to or larger 
than the benefit seen by applying dollars in other 
ways. This occurred because the amount of emissions 
removed was always great enough to offset, or more 
than offset, the different impacts of deposition per 
ton of emissions which existed for each plant. In 
Other words, even if control at Lambton or Nanticoke 


was not as "effective" on a per unit emission basis 
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as at other plants, the costs of control were so low 
at the two plants, that when the same amount of 
money was applied, the net environmental benefit was 


greater overall. 


° The conclusion from this analysis was that if 
Ontario Hydro spent a set amount of money from its 
budget, which in turn meant that it was raising its 
electrical rates by a certain percentage, it was 
"most effective" to institute controls at Lambton 
and Nanticoke. The phrase "most effective" applies 


to cost and environmental aspects of the problem. 


LO. 2a Reductions Calculated from Known Deposition 


Target Values 


Approach lin section 10. lestates that if the Dsware 
known, one can solve for values of Es. After applying 
some constraints (such as specifying the number of 
sources and receptor areas, eliminating some values of 
E5) the solution may become harder to find, or 
non-existent. 

For thesHydrvosapplication;, the) Ministry’ didanet 
explore this approach, because, at the time the abatement 
analysis was done (in the fall of 1980) "target values" 
Of deposition were not known. Recent U.S./Canada 
Memorandum of Intent Phase II Reports! have established 
target values, and this approach is being explored for 


other abatement strategies. 
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10.2.4 Summary of Modelling Use in Ontario Hydro 


Abatement 


The preceding sections show how the model of long 
range transport was used as a guideline in the 
development of the Ontario Hydro control regulation. See 
Appendix 1, Chapter 8). The Ministry scientists and 
policy analysts realized that the model was not 
"perfect". However, for the extent of emissions 
reductions contemplated - about 25 to 50 per cent - the 
model was judged to give valuable information in the 


following areas: 


° describing relative benefits of various scenarios 
for a set of ecologically sensitive areas spread out 


Over thousands of kilometers; 


° describing how benefits change as a result of 
applying one emission reduction scenario in various 
ways, to various sources separated by many hundreds 


of kilometers; 


° describing how benefits change when a fixed amount 
of money is applied to emission reductions in a 


variety of ways; 


° relating the differences in environmental benefit to 


differences in cost; and 


ran PRS barn 


° presenting a broad picutre of what level of 
deposition reduction to expect (1.e., between 2 and 


5 percent, or between 20 and 40 per cent?) 


The model was one tool in the analysis, but it was 
certainly not the only tool. Other factors, such as the 
speed with which the controls could be instituted; the 
type of control best suited to the facility (e.gq.7, 
scrubbers, low sulphur coal, or not using the plant and 
Switching generation elsewhere); the overall cost of the 
program; and the size of the system's reductions (e.g., 


25% or 50%) were all part of the analysis. 


The emissions program for Hydro was framed by a 
Regulation of the Crown which was announced in January, 
1981. Under this regulation, Ontario Hydro will reduce 
SO» emissions by 43 per cent by 1990. Emissions of NO 
will also be reduced.* The measures which will be 
employed to achieve this reduction involve: retrofitting 
500 megawatt scrubbers, probably at the Lambton station, 
using low sulphur coal at the other two large plants 
(Lakeview and Nanticoke); operating the larger 
fossil-fueled plants on a LEDS (Least Emissions 
Dispatching System) philosophy; constructing more nuclear 
plants; and importing more hydroelectric power from 


Manitoba and Quebec. 
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se oes Application of the Model to INCO SO» Control 


The INCO SO9 reduction was promulgated in the summer 
of 1980. It ordered INCO to reduce smelter stack 
emissions of SOy from a maximum of 3600 tons per day to 
2500 tones per day immediately, and in 1983 emissions 
must be no more than 1950 tons per day. (See Appendix 1, 


Chapter 8). 


The Ministry's long range transport model was 
employed while the Regulation was being developed to gain 
an idea of how much of a deposition reduction one could 
expect in various sensitive North American areas. The 
details of INCO's impact are given elsewhere, (See 
Appendix 2, Remarks by Dr. G. Van Volkenburgh), and what 
is worthwhile noting is that the model is useful as a 
guideline, even when one large source is being assessed 
for control: The results of modelling are very useful, 
because they demonstrate the geographical extent of 
impact, and the expected amount of reduction in 
deposition which occurs in various regions. What the 
modelling revealed to the Ministry was that, even though 
INCO was one of the Western world's largest sources of 
SO9, significant reductions in its emissions would not 


solve the “acid rain" problem in other locations. 
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Put another way, modelling of one source's impact 
when its emisssions are altered and other sources in an 
aggregation (which includes several states and provinces) 
do not change, is instructive because the model, as a 
guideline or one tool, demonstrates how the impact of 
altering emissions from one source affects the solution 
to a regional problem. The model is as applicable in 
calculating SO5z concentrations as it is calculating other 
important pollutant impacts which result from S09 
emissions - that is, sulphates, acidic aerosols and 
particulates, dry deposition of acidic species, and "acid 


rains reselt. 


10.4 ; Summary 


The "case samples" discussed above illustrate 
compelling reasons why the use of long range transport 
models should begin to be integrated into the regulatory 
framework of E.P.A.‘'s interstate pollution impact 
considerations. Such modelling offers a way to 


systematically consider: P 


° the amount of impacts 


° the extent of impacts 


° how impacts alter when various sources of SO 9 in an 


aggregation are assessed for control. 


mE ie PE 


° how impacts are altered when different cost 


constraints are applied to various sources in an 


aggregation. 


The fact that the models are not yet "perfect" does 
not prevent them from being employed as one tool among 
Many - or as a guideline. The key is to use the 
modelling results with a clear awareness of the 


limitations of those results. 
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its FINANCIAL IMPLICATIONS OF THE 
COSTS OF SO>7 AND NO, REDUCTIONS ON 
ELECTRIC POWER UTILITIES IN 
THE UNITED STATES 


ee Introduction 


The costs of additional SO, and NO, emission controls 
are expected to be large and many authorities are 
understandably concerned about the possible effects of these 
costs on the particular emission source sectors, upon those 
who are employed by firms in these sectors and upon groups 
and sectors which purchase the products and services of 
firms being subjected to controls. Indeed, there is a 
reluctance on the part of governments to impose stringent 
control objectives, as well as a strong resistance from 
firms to comply with abatement programs, because of the real 
and imagined economic disruptions that may result from these 
costs. An economic assessment of abatement programs or 
scenarios is needed, therefore, to verify or refute these 
concerns as well as to help determine a socially desirable 


level of emission control. 


The purpose of this Chapter is to examine some of the 
financial implications of sulphur dioxide (SOj) abatement 
efforts on the electric power industry in the Eastern U.S.* 
Three types of implications are of importance. First, the 
costs of achieving specific emission objectives may impose 
financial burdens directly on electric power companies. 
*Possil-fuelled electric power plants with a capacity of 200 
megawatts (MW) or greater in ten Eastern U.S. States are the 
focus of this Section. These 10 States include Ohio, 


Indiana, Illinois, Michigan, West Virginia, Missouri, New 
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Second, these costs and expenditures will have indirect 
economic effects on fuel suppliers and on the regions in 
which power plants are located. Finally, the effects of 
these costs on inflation, on employment and on investment in 
the national economy is of concern. Relevant information on 


these economic implications will be assembled and discussed. 


While the magnitude of the costs of control may be 
large, a number of factors will act to mitigate the impacts 
of these costs on the power companies and on the various 
sectors, groups, firms and individuals that will ultimately 
bear them. Evidence is presented to show that significant 
reductions in SO) emissions from U.S. power plants can be 
achieved without causing undue economic disruptions to the 
electric power industry and to the communities and regions 


in which they operate. 


EE A Economic Eeasibiliey, andueaclLordabi Lity” 


Actlons and Lacilittes to reduce (S05 emissions awit 
require the expenditure of money and effort. These 
abatement activities will also generate two types of 


benefits: private and public. 


Private benefits of pollution abatement are the savings 
in materials, reductions in waste or the extra revenues 
gained from selling recovered by-products. Private benefits 


are generally captured by the party that bears the costs. 


a Ie he a 


The use of low sulphur coal can have private benefits in 
terms of lower costs of boiler operation. Flue Gas 
Desulphurization can generate private benefits if a saleable 


by-product is recovered. 


Public benefits are the reduction or avoidance of 
pollution damages that result from the abatement program. 
Public benefits are generally enjoyed equally by people who 
are Otherwise unconnected with the polluter. The polluter 
cannot exclude anyone from receiving public benefits. Hence 
it can collect no revenues for wreducnd clean air or 
water. Reductions in damages to plants, to buildings or to 
fish populations as well as reduced public health risk are 


examples of public benefits. 


From a public perspective, an abatement program is 
economically feasible when the sum of the private and public 
benefits is greater than, or equal to, the total costs of 
the program. However, where the costs of abatement to be 
borne by the polluter substantially exceed private benefits, 
the financial and economic disruptions that may be imposed 
On the polluter are a subject of concern. The government is 
faced with the dilemma of determining how much private 
production (i.e. abatement costs and possible closure of 
some facilities) should be given up to achieve public 


environmental benefits. 


The question of affordability by the polluter is, 


therefore, separate from the question of economic 
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feasibility from the public view point. The appropriate 
criterion on which to base decisions about abatement 
programs is the degree to which the program achieves public 
and private benefits, not whether the polluter can or cannot 
"afford" abatement. Financial assistance programs can be 
initiated to offset the economic disruptions caused by 


abatement costs if necessary. 


The detrimental environmental impact of SO» emissions 
are documented elsewhere in this submission. In this 
Chapter, it is further argued that electric power utilities 
or the regions in which they are located are not likely to 


be economically damaged by SO abatement efforts. 


Lele 8 The oignifticance of U.S. Power Plants 
to the LRTAP Problem 


Power plants are the single.largest contributors of SO9 
emissions in the U.S. About’ 27 million tonnes of S05 were 
emitted by all sources in the U.S. during 1978 along with 
23.3 million metric tonnes of NO,. These data are 
summarized in Table ll.l. Of these emissions, 17.6 million 
tonnes, or 65% of total SO, emissions, were generated by 
electric utilities. These figures are presented in Table 
Ligzoyn The, Next. largest e805, SOuUrces are Industriql= DoLulers 
and industrial processes which account for 12% and 15% of 
total emissions respectively. Emissions data for all 


sources and for electric utilities only in these States are 
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listed in Table 11.3. According to these data, 
approximately 52 percent of the total U.S..SO9 emissions and 
31 percent of,total U.S. NO, emissions originate from these 
ten States. Electric power utilities, in turn, account for 
82% of the total SO z emissions from these ten States and 


about 50% of the NO, emissions. 


These 10 States, along with Texas, are the top ll 
generators of SO» (MOI, Work Group 3B, p.92). These same 10 
States, along with Florida, Louisiana and Texas, also 


generate nearly all of the NO, produced in the U.S. 


The individual power plants in these States with rated 
capacities above 200 MW are listed in Appendix 15. The 
locations and the owners of the plants are noted along with 
the percent load factor and the estimated SOj emissions 
during 1979. The State Implementation Plan (SIP) emission 
objectives for Baee plant in terms of pounds of SO, per 
million BTU's of fuel burned are listed for each plant, as 
well as the percent sulphur in coal that is required to meet 
the 1979 SIP objectives. Those plants that currently have 
Flue Gas Desulphurization (FGD) systems installed are also 


noted. 


A total of 154 plants are listed. All but two of these 
plants burn coal as the primary fuel, although some burn 
Other fuels as well. Coal combustion is, however, 


considered to be the primary source of SOy for purposes of 
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this discussion. In total, these plants generate about 104 
million“tonnes of S05 per year or about 59% of (the (fotaiger, 
emissions generated by the electric power utility sector in 


the entire U.S. 


Li.4 Pollution Control Technologies 


Five basic methods can be applied to reduce 


residualsemissions from fossil-fuelled power plants: 

(a) reduction in the production of electricity; 

(b) use of naturally low sulphur fuels; 

(c) removal of sulphur from fuels before combustion; 

(d) reaction with an absorbant during combustion; 

(e) removal of sulphur after combustion. 

With respect to the general methods (b) through (e), a 
total of 16 specific abatement technologies are identified 
in the MOI Work Group 3B Interim Report (MOI, February 1981) 
ranging from coal cleaning to various Flue Gas 
Desulphurization (FGD) techniques and systems. These 


technologies are summarized in Table 11.4. 


Of all the methods listed, the use of low sulphur coal 


(below 1.0% sulphur content) is the method most preferred by 
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power companies to achieve SOy emission objectives for 
several reasons. First, the installation of abatement 
equipment and systems requires the allocation of scarce 
Capital funds for which the companies have other uses which 
are, from their own standpoint, more desirable. Second, 
power companies can more easily obtain the approval of their 
State Utility Regulatory Commissions to pass higher fuel 
costs of low sulphur coal through to consumers than cost 
increases resulting from capital expenditures. Finally, 
power generation is a relatively simple thermo-mechanical 
process. The addition of FGD systems (scrubbers) involves a 
complex chemical operation which power plant personnel 
apparently have neither the experience nor inclination to 


undertake. 


Power plants and utility companies throughout North 
America also employ such technologies as coal washing and 
cleaning, and, as indicated in Appendix 15, a few have 


installed FGD Systems. 


Reductions in NO, emissions can be achieved by altering 
boiler design and operation. The application of 
technologies to abate SO, also affects the choice of methods 
to control particulate material. Retrofitting emission 
controls is especially expensive because of the extensive 


changes in other systems that are sometimes required. 
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There is a great deal of debate about the technical 
reliability and performance of FGD systems and 
technologies. However, enough operating experience has been 
accumulated in the U.S. and Europe to show that certain of 


these systems do work. 


Various combinations of methods and technologies can 
be used at each power plant to achieve a wide range of S09 
emission reductions at varying levels of costs. A 
combination that will be examined in this paper is the use 
of generally cheaper "high" sulphur coal (above 2% sulphur 
content) in conjunction with FGD systems. Scrubbers operate 
more cost effectively with higher concentrations of sulphur 


dioxide. 


| plas) Estimating the Costs of 505, Emission, Controls 


SO7 emission objectives differ substantially among 
power plants. These objectives are based on the National 
Ambient Air Quality Standards specified in the Clean Air Act 
and which are explicity intended to protect human health. 
Two types of emission objectives are relevant to electric 
power plants. The first type of source emission objective 
is that found in the State Implementation Plan (SIP). 
Emission objectives for SO9, NO, and particulate matter are 
established in State Implementation Plans. These objectives 
are individually calculated for each power plant to achieve 


the Primary National Ambient Air Quality Standards for the 
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particular area in which the generating station is located. 
These objectives apply to all power plants, old and new, and 


often differ substantially from plant to plant. 


The second type of emission objective relevant to power 
plants are the New Source Performance Standards (NSPS). 
These are applicable to new generating stations or to new 
units in existing plants which have a capacity greater than 
73 MW and which have a heat input of greater than 250 


MoLveion Btuls. 


Estimates par been made by the U.S. EPA of the costs of 
achieving SIP and NSPS objectives by power utilities and 
Other source sectors. Electric power utilities throughout 
the U.S. are reported to have spent, during 1979, a total of 
$3.5 billion (1979 dollars) in capital expenditures. A 
total of $6.3 billion in operation and maintenance costs 
were estimated to have been spent to meet SIP or NSPS 
objectives (Council for Environmental Quality, 1980, 

p.397). Additional expenditures for water pollution brings 
Poe Ota] wapital expenditures. .to $4.0.bid1 ion... .These 
estimates, which were prepared by the U.S. EPA, are 
summarized in Table 11.5. By contrast, electric power 
utilities invested about $27 billion per year in capital 
expenditures during 1979 and 1980 (U.S. Statistical 
Abstract, Section 18, 1980). Thus, 15 percent of the 
Capital expenditures undertaken by power companies in recent 


years has been for air and water pollution control. 
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As indicated in Table 11.5, electric utilities are 
expected to have spent a total of $121.2 billion (in 1979 
dollars) on capital facilities and operating costs to 
achieve air pollution control by 1988. Another $11.4 
billion are expected to have been spent on water pollution 
control over the same period. The sum of these figures 
amounts to 18% of the $735.0 billion projected to have been 
spent on environmental protection ee ACE CE in all sectors 


during the 10-year period between 1979-1988. 


Such estimates indicate the magnitudes of possible 
costs but are of limited use in policy evaluations and 
decision-making. , They do not reflect the variety of 
technological and management options that can be applied in 
the power plants nor do they indicate the varying levels of 
environmental or public benefits that are achieved at 


different levels of emission control. 


There is no meaningful "single cost" value to achieve 
future abatement. Rather, systems models are required to 
estimate the range of future abatement costs under different 
assumptions and circumstances. Examples of these types of 
models are the Coal and Electric Utilities Model (CEUM) 
developed by ICF Inc. for the U.S. EPA, the Department of 
Energy and Argonne National Laboratories and the Utility 
Simulation Model (USM) developed by Teknekron Research, 

Inc. (Van Horn et al., April 1981). These simulation models 


permit the development of abatement scenarios with explicit 
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assumptions about the many variables that are associated 
with power plants. These models can be used to calculate 
the costs of emission controls and, in the case of the ICF 
model, the consequences of different scenarios in terms of 
emissions, capital and operation and maintenance costs, cost 
per ton of SO» removed and shifts in coal demand and 


production. 


Sector-specific models (CEUM and USM) have not yet been 
used to fully evaluate all possible abatement scenarios. 
Those scenarios that have been tested indicate that the 
muagniitudesmofatheycapitalycosts arse.in the order, of $3. to $7 
billion per year, amounts which are not appreciably greater 
than thes current levels of capital, expenditures. .The 
results of the models also indicate that, where the use of 
low sulphur coal is a principle means of effecting SO9 
emission reductions, sales from coal mines in the 
mid-western States (Ohio, Illinois, etc.) would decline 


substantially and coal costs would be increased as well. 


The application of econometric models is required to 
determine the aggregate effect of abatement costs on the 
economy as a whole. Every two years, the U.S. EPA 
commissions an assessment of macroeconomic effects of 
expenditures mandated by federal Regulations and 
Meégislation.' For the. period 1970 to 1987, a simulation of 
the performance of the U.S. economy with the costs of 


federal requirements (e.g. expenditures by the electric 
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power utility industry along with other sectors) was 
compared with the economic performance that would have 
occurred without these expenditures (Data Resources, Inc., 
July 17, 1981). The un=-priced public benefits of pollution 
control are not included in these estimates. Based on these 
analyses, it was concluded that price increases would only 
be about 0.5% lower with abatement costs than without. The 
average annual rate of economic growth (in real GNP) is 
reduced by only 0.1 of a percentage point by the presence of 
the pollution control costs. Employment is stimulated 
throughout the 1970-1987 period by the abatement costs, as 
is business investment. The overall economic effect of a 
sustained effort to achieve pollution abatement is neutral 


for the economy as a whole. 


1 al AN A Comparison of Two Approaches to Achieve 1979 


State Implementation Plan S07 Objectives 


at Power Plants in 7 States 


Power companies prefer to achieve S05 emission control 
objectives by burning low sulphur coal. As noted in Table 
11.4, a potentially greater degree of SO> emission reduction 
can be achieved by scrubbing flue gases produced by burning 
high sulphur coal. The cost implications of these two 
control approaches were compared by means of the following 


procedure: 
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(Ab) For 143 power plants in 9 midwestern States, the 
actual cost, in mills per KWH, of coal used by 
eachplant in 1979 was regressed against the percent 
sulphur in the coal*. An expected inverse 
relationship was found between the two variables for 
the data sets from seven of the States. That is, the 
higher the sulphur content, the lower the cost of 
coal. Data from Pennsylvania and Tennessee exhibited 
a direct relationship and were omitted from further 
calculations. Data sets used in the regression 
analyses are presented in columns 2 and 3 of the 


Tables in Appendix 16. 


2.) The estimated coefficients for each State equation 
were then used to estimate the cost of coal (in mills 


per KWH) at any given level of sulphur content. 


() 34) The percent sulphur content in coal that would be 
required in order to meet the 1979 S.I.P. objective 
was then calculated for each plant. These figures are 
shown in Column 4 of Tables 16-1 to 16-7 of Appendix 


16. 


* New York was not included in this analysis. 


(4) Using these percent sulphur figures, the estimated 
cost of the coal that would be required to achieve the 


S.I.P. objectives was calculated with the relevant 
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regression equations. This cost is presented in mills 
per KWH, and is listed, for each plant, as Column 5 in 


Tables 16-1 to 16-7. 


C5.) For comparative purposes, the cost of installing and 
operating FGD systems is estimated to be 6 mills per 
KWH (T.A. Burnett, et al., 1980). This factor was 


subtracted from the cost estimates in column 5. 


(6) The differences in estimates listed in column 6 of 
Tables 16-1 through 16-7 indicate the maximum cost of 
coal that could be paid so that the total cost of 
higher sulphur coal plus scrubbing would equal the 
cost of low-sulphur coal that would be required to 


achieve the SIP objectives. 


Ga) Applying the estimated equations, the per cent sulphur 
in coal that could be Rae Heea at the price (in mills 
per KWH) indicated in column 6 was calculated and 
listed, in, column, 7.in the Tables.16-1., throughs lon9 sin 


Appendix 16. 


The results of this analysis indicate that, for a 
substantial number of power plants, it would be cheaper to 
install scrubbers and buy lower cost, "high sulphur" coal 
than to purchase “low sulphur" coal. Moreover, a greater 
degree of SO7 emission reduction would be achieved since FGD 


systems can potentially effect more SO» reduction than is 
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possible with low sulphur coal. In some plants, scrubber 
costs obviously overwhelm coal costs. However, these 
results indicate that more careful analyses of the 
application of Flue Gas Desulphurization at many U.S. power 
plants is warranted. Based on this assessment of the 
economic consequences, scrubbing may well be a more 
cost-effective means of achieving SO j reductions than the 


use Of low sulphur coal. 


eo] Impacts of SO 9 and NO, Abatement Costs on the 
Electric Power Industry and on Regional Economies 


Whatever abatement methods are employed, the magnitude 
of the financial costs: of SO, ‘and NO, control at U.S. power 
plants will certainly not be trivial. However, the 
financial burdens imposed by these abatement requirements on 
power companies and associated groups will be mitigated by 
several factors. First, there is a wide range of technical 
methods and options that can be employed to achieve reduced 
NO, and SO» levels at widely varying costs by different 
power companies. Computer models can be employed to 
determine which plants cause the most damage and abatement 
effort can be allocated accordingly. Second, declining 
growth in electricity demand can increase the scope for 
offsetting fossil-fuel production capacity with nuclear and 


hydro capacity by some power companies. 


The cost burdens of new capital facilities is shared to 
a substantial extent between tax-paying utility companies 


and governments in the form of taxes foregone. Costs can be 
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further mitigated by scheduling the abatement program over a 
number of years. Finally, there is potential for large 
Savings from technological innovation once firms direct 
their efforts and talents toward abatement rather than 


LLEerqat fon. 


While information about cost burdens on power companies 
is pertinent, the most appropriate comparisons for public 
policy development and decision-making is whether the total 
(public plus private) benefits of pollution control 
investments are greater than, or equal to, the total costs. 
Society can "afford" any level of -environmental or pollution 
control quality for which the benefits are perceived to be 
commensurate with the costs. These costs may include higher 
electricity rates or even temporary unemployment. In 
actions and in public opinion polls, the North American 
public has clearly shown its willingness to pay for higher 


environmental quality. 


Evidence indicates that the current and the potential 
economic burdens on U.S. electric power utilities for 
pollution control are substantial but not unmanageable. 
Moreover, analytical tools are available that permit 
environmental agencies to determine cost-effective 
strategies and to identify those regions and firms that are 
potentially most seriously affected. With this information, 
strategies and policies can be developed which will minimize 
total costs, which can balance benefits and costs and which 
can help to apportion these costs in an efficient and 


equitable manner. 
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TABLE 11.1 


TOTAL U.S. AIR POLLUTION EMISSIONS ESTIMATES, 1970-78 


Year Total Sulphur Nitrogen Volatile Carbon 
Suspended Dioxide Dioxide Organics Monoxide 
Particulates 


(million metric tons per year)* 


1970 23.2 29.8 19.9 28.3 102.6 
1971 22.0 280 20.6 27.8 103.1 
1972 2120 29.3 21.6 28.3 104.4 
1974 17.9 28.5 21.8 Tai 99.6 
1975 14.6 26 .2 20.9 25.3 97.2 
1976 14.1 ape 23.4 27.0 102.9 
1977 13.6 O72 23.4 pag | 102.4 
1978 12 5 27.0 93.3 2738 102.1 
Percentage 

change, 

1970-78 -46 61 ~94.4 +17.1 -1.8 -0.5 


* | million metric tonnes = approximately 1.1 million short tons. 


Source: U.S. Environmental Protection Agency, National Air Pollution Emission 
Estimates, 1970-1978, EPA 450/4-80-002 (Washington, D.C., 1980), p.2. 
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TABLE 11.2 


SOURCES OF SO5 AND NO,, 
EMISSIONS IN THE U.S., 1978 
— er IG 


Category SO2 


(108 tonnes/yr.) (% of 


total) 
Electric Power Utilities 17.6 (65%) 
Industrial Boilers 3.2 (12%) 
Industrial Processes 4.1 (15%) 
Transportation 0.8 ( 3%) 
Residential/Commercial 1.3 ( 5%) 
Solid Waste Disposal 0.0 ( 0%) 
Miscellaneous 0.0 ( 0%) 
Total 27.0 (100%) 
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Source: U.S. Canada, Memorandum of Intent on Transboundary Air Pollution, 


Interim Report = February 1981 - Work Group 3B - Engineering Costs an 


Emissions, p.91. 


(106 tonnes/yr. ) 


(% of 
total) # 


(31%) 
(218) 
( 3.5%) 


(40%) | 
| 


( 3.5%) | 


| 
( 0.5%) 
) 
( 0.5%) 
(1008) 
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12. EFFECTS OF ACIDIC DEPOSITION ON ONTARIO'S 


AQUATIC SYSTEMS 


Sensitive aquatic systems which receive acid, both 
directly and indirectly from precipitation, can suffer 
chemical and biological damages. This chapter discusses 
the nature and magnitude of these effects in Ontario as 
evidenced through research on the province's aquatic 


ecosystems. 


Tee t General Nature of the Lake and 


River Acidification Process 


Acids falling on the earth's surface may be 


neutralized by chemical reaction with basic materials in 
the soil and water. Areas underlain by rock containing 
large amounts of basic material (such as limestone) can 
neutralize the acids for indefinite periods of time with 
only minor changes in the chemical composition of the 
runoff. If, however, the soils and bedrock have little 
capacity to neutralize the acid (for example, the 
sparingly soluble rocks of the Precambrian Shield) the 
acid loading can exceed the neutralizing capacity and 
runoff water will be acidic with consequential biological 


damage in streams and lakes. 
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The alkalinity of lake and river water is a chemical 
measure of its capacity to neutralize acid and is 
commonly referred to as the buffering capacity. The 
greater the alkalinity, the greater the capacity to 
neutralize acid. Lakes in areas of calcareous 
(limestone) soils have high alkalinities and pH values 
generally above 7.0. By contrast, unpolluted lakes 
- located in hard rock geological conditions (such as the 
Precambrian Shield area of Ontario) have low alkalinities 
and pH values generally in the range of 6.0 to 7.0. 

While these lakes are on the acidic side of pH 7.0, they 


Still have healthy aquatic life. 


Lakes with low alkalinity are regarded as sensitive 
to the effects of acid rain since they have a low 
capacity to maintain (or buffer) the pH at acceptable 


values when excessive acid is added from the atmosphere. 


When excessive acid loadings from the atmosphere are 
applied to sensitive areas, the pH of the runoff may be 
reduced to values well below 6.0 for a few weeks time 
during spring snow melt or for a few hours or days during 
heavy summer and autumn rains. Lakes which suffer short 
term pH depression or have their summer pH values 


Slightly reduced are called "acid stressed" lakes. 


Over time, the acid loading can virtually exhaust 


the neutraiilzing (or buffering) capacity of the soils in 
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sensitive areas and the runoff can become nearly as 
acidic as the rainfall itself. When the alkalinity of 
streams and lakes falls to zero (pH 4.5-5.0), the 
waterbody is called "acidified". At these pH levels, 
fish populations are severely stressed and will 


eventually be lost. 


Therefore, the ultimate result of deposition of 
acids in sensitive areas is acidification of the surface 
water with loss of fish populations and concomitant 
damage to other aquatic life forms. These effects have 
been well established for lakes and rivers in Scandinavia 
and the Adirondack Mountains affected by acid 


deposition. 32 
12h 2 Research Approach to Aquatic Effects 


Under the current patterns of acidic precipitation, 
virtually all of the lakes located in Precambrian rock in 
Ontario are being subjected to acid loadings above 
"background" levels. Precipitation with pH near 5.6, the 
value expected for equilibrium with atmospheric carbon 
dioxide, contains about 2.5 ueg/l of acid (hydrogen 
ion). The observed concentrations in bulk deposition are 
about 11 ueq/l at Kenora* (4 times the "background" 


level29) and up to 70-90 ueg/1l in the important recrea- 


* Located in Northwest Ontario, Northeast of the 
Ontario —- Minnesota Border. Area Code 2, Map 2.1. 
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tional areas of Muskoka-Haliburton** (28-36 times the 
"background" level27). For several years, environmental 
studies have been undertaken in these areas designed to 
determine the resulting water quality and biological 
responses in the lakes and streams. Data presented in 


this section are derived from these studies. 


The lakes, rivers and watersheds themselves are the 
ultimate "collectors" of atmospheric pollution deposited 
by wet and dry mechanisms. One research approach 
considers lakes and watersheds in this manner, and has 
led to establishing "calibrated watersheds", which are 
combinations of watersheds, streams and lakes under 
intensive measurement. This approach is an established 
research tool and was used in the development of 
strategies for the management of eutrophication of lakes 
by phosphorous control. The calibrated watershed studies 


are prime sources of information on acid rain effects. 


Hydrologic weirs (Figure 6.1) are set up on the 
streams entering and leaving a particular study lake. 
The flows of water and dissolved substances are 
accurately measured and combined with the best possible 
measures of atmospheric inputs and of water loss by 


evaporation to calculate "substance budgets". 


**6 Located in tSouth*~="Gentral Ontarios “Area “Codes, 
Mape27 
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The difference between the inputs measured by the 
budgets and the inputs measured from wet deposition can 


give estimates of dry deposition. 


The calibrated watersheds are subjected to detailed 
chemical and biological sampling and thus serve to 
quantify the chemical and biological effects of pollutant 
deposition. Relationships established by detailed 
studies can be extrapolated to large numbers of lakes for 


which less complete data are available. 


Calibrated watersheds have been established at many 
locations (Figure 6.2) such as Kenora, Sault Ste. Marie 
and Dorset in Ontario, Laurentide Park in Quebec, 
Kejimkujik Park in Nova Scotia, Hubbard Brook in New 
Hampshire, Sagamore Lake in New York and Coweeta in North 
Carolina. For each study site, a data base of atmos- 
pheric loadings and resulting aquatic and terrestrial 
effects is being compiled. Conclusions regarding effects 
are drawn from comparisons between areas and from long 
term observations in each area. Extensive results for 
Ontario are available from the Kenora and Dorset study 


locations. 
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T2 Observed Effects on Water Quality 
26361 Surface Water Quality 


Many lakes near Sudbury, Ontario have been acidified 
by atmospheric deposition of acids.°?, 11 the problem was 
regarded as "local" due to emissions of sulphur dioxide 
from copper and nickel smelters. It was addressed by 
reducing emissions and by commissioning the world's 
highest smoke stack in 1972 to utilize the dilution 
Capacity of the atmosphere for the largest single sources 
in the area. Ground level sulphur dioxide concentrations 
due to the local sources had caused discomfort to people 
and damage to vegetation and both problems have 


essentially been eliminated by the control programs. 


The Sudbury situation is well known because of its 
Size, particularily ther INGO Ltd.) smelter, yout, it i aunot 
unique. During the 1970's hundreds of other plants and 
industries were built in the United States and Canada 
which utilized high stacks to disperse wastes. Emission 
reductions were seldom applied; dilution by the 


atmosphere was expected to solve the "problem". 


The overall result is that today in North America 
there are hundreds of atmospheric sources of sulphur and 
nitrogen oxides from the burning of fossil fuels and 


non-ferrous smelting operations, all depending on 
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atmospheric dilution to resolve part of the waste 


problem. 


In recent years it has become well understood that 
the acid rain problem in Ontario is not confined to the 
Sudbury areat3 and that the Sudbury sources were only a 
small part of the total emissions to the atmosphere 


leading to the acid deposition in Ontario. 


Historical evidence of acidification in other areas 
of Ontario is difficult to obtain because of the limited 
amount of baseline data. However, one well documented 
case is that of Clear Lake in Muskoka-Haliburton. The 
summer alkalinity value of Clear Lake was 33 ueq/l in 
M967 ena vonly. 2—l5.ueqg/i in 1977 indicating a nek loss of 
buffering capacity.13 In other words, the lake is 
acid-stressed. This lake is only unique in that accurate 
historical data were available. There is no reason to 
doubt that many other sensitive Ontario lakes have 
already shared the same fate and that many thousands more 
will follow in due course if no abatement action is 


taken. 


To ascertain the geographical breadth of the 
problem, lake alkalinity values were measured on some 
1,527 lakes in various areas of the Precambrian Shield 
(Table 6.1). The number of lakes sampled in each area to 


date is small in comparison to the total lakes in these 
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areas, but based on this data, it is becoming clear that 
a very high percentage of the lakes in the entire 
Precambrian Shield fall in the extremely or moderately 


sensitive categories. 


The lakes in the extreme sensitivity category are 
currently acid stressed and are likely to be acidified by 
long range transport if current acid loadings continue. 
Loss of buffering capacity is cumulative, its rate and 
timing dependent on the rate of deposition. Once lost, 
there is nothing to prevent the lake from quickly acidi- 
fying. This supposition is supported by the long term 
observation of lake acidification in Scandinavia® and the 


Adirondacks. 2° 


on a short-term or episode basis, detrimental water 
quality effects are being observed now. In both areas of 
Ontario intensively studied to date, acids (hydrogen 
ions) from atmospheric deposition are neutralized during 
most of the year. Retention (neutralization) of hydrogen 
ions has been measured at 88% and 98% on an annual basis 
at Kenora and Dorset respectively. 29 However, the 
hydrogen ions stored in the snowpack enter streams and 
lakes in the spring thaw and most of the total annual 
acid input occurs during the spring melt. The large 
volume of water, coupled with less chance for interaction 
with the frozen soils results in "shock" loadings of acid 


to streams and the surface waters of lakes. 
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Jeffries et al22 compared pH values of a series of 
small streams and lake outlets measured before and during 
spring melt at Dorset (Table 6.2). The lowest pH values 
observed in the lake outlets (4.8-5.0) are within the 
range capable of causing damage to aquatic life, particu- 
larly fish. As much as 76.6% of the measured yearly 
discharge of acid from the watersheds occurred in April. 
Figure 6.3 shows a typical hydrograph for one of these 
streams, emphasizing the high spring water flow, high 
acid discharge and low pH values. Scheider et a12é 
further observed that the pH of streams was depressed for 
periods of a few hours during times of heavy runoff after 
summer storm events (Figure 6.4). Heavy autumn rains 
also cause depressed pH in runoff for a few days at a 
time. In one particular year of study, as much as 25.8% 
of the total annual nvarodan ion runoff from small 


watersheds occurred in October. 


There are 32 calibrated watersheds under study in 
the Dorset area and some have results for a period of 
five years. The results described here are typical of 
the full set of observations and it can be concluded that 
atmospheric acid loadings are causing periodic water 
quality changes. The study lakes all have low alkalini- 
ties but are representative of thousands of lakes in the 


Precambrian area. 
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In addition to direct effects on surface water pH, 
acidic precipitation has the potential of increasing the 
leaching rate of material from the watershed. Aluminum 
is a major constituent of the bedrock material in the 
Precambrian area and it tends to be dissolved by acidic 
runoff. Scheider et al28 reported an average total 
aluminum concentration of 49 ug/l for the study lakes at 
Dorset. Concentrations in streams are typically up to 
200-300 ug/l with some measurements exceeding 500 ug/1, 
particularly in the spring runoff (Scheider, pers. 


comm: )!. 


Laboratory experiments have shown that survival of 
brook trout was reduced to less than 50% after 14 days at 
aluminum concentrations of 420 and 480 ug/l at pH values 


Of 542° and 4.4 respectively.14 


It appears that the pH and aluminum concentrations 
being observed in the Dorset study lakes during spring 
snow melt fall within the ranges which laboratory 


experiments have shown to be lethal to fish. 
LZ tee Ground Water Quality 


Hultberg and Wenblad2l have identified a number of 
shallow wells in Sweden which have become acidic as a 
result of acidic precipitation infiltrating “soils with 


very low neutralizing capacity. ‘The acid water has 
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caused serious corrosion of plumbing and in some cases 
entire systems of copper pipes have had to be replaced 
after 10 to 15 years of use. The acidic wells are 
characterized by rock outcrops allowing surface runoff to 
move to sandy subsoil with minimal contact with surface 
soils. There is little opportunity for the neutralizing 
capacity of the surface soils to be utilized in 


neutralizing the runoff. 


Many wells in the Precambrian area of North America 
servicing seasonal cottages and permanent homes are 
located in similar geological conditions so the potential 
for acidification of ground water exists. The first 
field surveys were carried out in 1980 in the 
Muskoka-Haliburton area of Ontario.39 aA total of 89 
ground water samples were analyzed for pH. Ground water 
was sampled from shallow springs and at various depths in 
wells obtaining water from both bedrock and overburden 


formations. 


Eleven of the 89 samples had pH values less than 
6.0, with the lowest value being 5.2. Subsequent 
resampling (summer, fall) of five of the low pH values 
resulted in only one sample still having a pH of less 


than 6.0. 
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12.4 Observed Effects on Aquatic Biota 
12547) Fish 


Although water quality changes are a concern in 
their own right, it is the biological responses to 
acidification which are of uppermost importance. Damage 
to fish populations is a major concern as it represents a 
loss to the sport fishing industry and serious disruption 
of the biological food chain since so many birds and 
mammals depend on fish for food. Complete loss of fish 


tends to be regarded as the definition of a '‘'dead' lake. 


The reported effects of acidification to fish are 
many and varied. Harveyl® reported fish kills in Plastic 
Lake FHieHaie Buewoh during the spring melt when the 
Surface water pH of the lake was 5.5 and the inlet 
streams had a pH of 3.8. Fish caging experiments in the 
spring of 1981 (H. Harvey, per.-comm.) confirmed the 
toxic nature of the water, particularly of the inlet 
stream (pH 4.0-4.1) where 100% of the caged fish died in 
two days. Shortly after the caging experiment SCUBA 


divers observed dead fish in the lake as well. 


Loss of fish populations has been documented for 
serveral lakes in Ontario concurrent with lake 
acidification.19 The mechanism of extinction is usually 


failure of recruitment of new age classes into the 
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population, as observed at Patten Lake (Figure 6.5).26 
Another phenomenon in acid-stressed lakes is loss of 
older fish from the population. Figure 6.6 illustrates 
the age distribution of white suckers in George Lake near 
Sudbury during a 13 year period while the lake was 
becoming acidic.3, 6, 18 Figures 6.7 and 6.8 show age 
distributions of white sucker in Crosson, Red Chalk and 
Harp Lakes in Muskoka-Haliburton.!/’ The acid-stressed 
Crosson Lake (pH 5.4-6.4) has an age distribution similar 
to George Lake showing the shift to younger age classes 
compared to the neutral Red Chalk Lake (pH 5.5-7.2) and 


Harp Lake (pH 5.8-7.0). 


White suckers are an important "test species" since 
they are not subject to fishing pressure and therefore, 
any changes in population are due to environmental 


effects. 


These observations provide strong evidence that the 
fisheries are beginning to suffer under the present acid 
loading conditions. It is reasonable to assume that 
Similar changes are taking place in the many thousands of 
lakes with similar alkalinities which are likely 


experiencing similar water quality effects. 
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24 2 Mercury in Fish 


Since elemental, metallic mercury can exist in the 
gas phase at ordinary air temperatures it has become 
ubiquitous in the environment. Large quantities of 
mercury pass between the earth and the atmosphere by 
natural cycling processes which have been going on for 
millions of years., Therefore, the mere presence of 
mercury in any compartment of the environment does not 


necessarily imply any human influence. 


Man's propensity to utilize the atmosphere for the 
disposal of wastes influences the natural mercury cycle 
in two ways. Firstly, man's activities directly increase 
the total amount of mercury entering the atmosphere. 
Secondly, the amount of mercury in fish and other aquatic 
Organisms is increased due to the acidification of 


surface waters by acid deposition. 


Regarding the first influence, it has been estimated 
that on a global scale human activities have increased 
the mercury emissions to the atmosphere by 27%23 but it 
is not known how this increase influences the global 
mercury cycle. Within eastern North America, however, 
the situation is quite different. Man-made mercury 
discharges to the atmosphere from the U.S. states 
bordering on the Great Lakes are 170% of the natural 


atmospheric loading. 23 States farther south which may 
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still influence the Precambrian area by long range 


transport have similar man-made atmospheric discharges. 


Coal contains on average of about 60 ng/g of 
mercuryl2 and up to 97% may be emitted from stacks upon 
combustion.’ The mean residence time in the atmosphere 
has been estimated to be 11 days.23 ‘Therefore, there is 
plenty of time for long range transport prior to deposi- 
tion. These points are of particular concern regarding 
any policy to increase the use of coal as an energy 


source. 


If all other factors were equal, one could expect 


such large increases in atmospheric emissions to increase 


the deposition rate and hence, the concentrations of 
mercury in living organisms. However, increased 
deposition has not yet been fully substantiated as 
atmospheric studies on mercury have only been carried out 


in a preliminary way to date. 


Regarding the second factor influencing the natural 
mercury cycle, that is, acidification of surface waters, 
it has already been demonstrated as cause for concern. 
Acidification of lakes takes place over a time period 
measured in years or even decades. During this time 
there will still be fish in the water although the 
average pH of the water will be slowly declining. It has 
been shown that the lower pH conditions tend to cause 


increases in the mercury concentrations in fish.15, 9, 2 
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The result, is, that over a long period of time, 
lakes and rivers subjected to acid stress will still have 
some fish but the mercury concentrations in those fish 
will increase. Birds and animals which eat fish as a 
Major part of their diet. will ingest, quantitiesso£ 
mercury which may well threaten their health and 
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Suns3l has been sampling PU na nor enn avecd and 
yearling fish for contaminant studies. This approach 
reduces some of the variables since the fish are uniform 
with respect to age and diet. The data (Figure 6.9 ) 
demonstrates increased mercury concentrations in fish 
from lakes with lower pH in the Haliburton area of 
Ontario. It was further shown that for lakes with 
Similar pH, the mercury was higher in fish from lakes 
with a higher ratio of drainage. area/lake volume. This 
result implies that the quantity of mercury from either 
direct atmospheric deposition or watershed leaching is 
influencing the mercury concentrations in fish. The 
Surveys have not been carried out long enough to 


establish any trends with time. 


In 1980, the survey was extended to include adult 
bass which are an important component of the sport 
fishery. Bass from six of the nine lakes studied had 
average mercury concentrations above the Canadian guide- 
line for unlimited human consumption of 500 ng/g. In one 


lake, the U.S. guideline of 1000 ng/g was exceeded. 
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The fisheries within Ontario are the basic resource 
for a sport fishing industry valued at hundreds of 
millions of dollars per year. While in the long-term, 
acidification of lakes poses a threat to the industry, in 
the short-term, mercury in fish could lead to further 
restriction on human consumption of the fish with 


consequential economic loss to the industry. 
12.4.3 Other Biological Effects 


In the Muskoka-Haliburton area, densities of several 
species of amphibians decrease with increasing acidity of 
their habitat. Acidic lakes and streams support a 
smaller breeding population of spring peepers (Hyla 
crucifer) than more neutral habitats. Deciduous woodland 
ponds are the typical bréeding habitats for Ambystoma 
Salamanders. However, such ponds have been observed in 
Muskoka-Haliburton to be very acidic with pH's as low as 
4.3. These acidic ponds are now seldom used as breeding 
Sites and thus represent a loss of habitat for this 
species. The hatching success of any eggs laid in these 


habitats is low.10 


Although relatively little work has been done to 
date on the effects of acidification on aquatic macro- 
invertebrates in Ontario, numerous aquatic insects are 
known to be affected by acidification and their distribu- 


tion has been related to the pH of lakes and rivers 
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(reviewed by Harvey et al.20), From these studies it 
appears that mayflies and stoneflies are usually sparsely 
distributed in acidic waters. Molluscs (snails and 
clams) and moulting crustaceans are very sensitive to low 


pH waters. 


The acidification of lakes in Ontario is accompanied 
by changes in the occurrence and abundance of zooplankton 
and reductions in the diversity and biomass of zooplank- 
ton communities.29 Both these tiny animal forms and the 
aquatic macroinvertebrates (insects, clams, snails, etc.) 
form important links in the aquatic food chain capped by 


the top predators, fish. 


The decline of macrophyte plant species and the 
concurrent invasion of Sphagnum reported in acidified 
lakes in Scandinavia and the Adirondacks (reviewed by 
Harvey veteal 198129) has not vet been recorded in Ontario 
lakes. Sphagnum moss coverage of the nearshore areas of 
lakes creates a habitat unsuitable for use as fish 


spawning and feeding grounds. 


The algae growing in acid stressed and acidic lakes 
undergo changes in species abundance which may be detri- 
mental to the recreational use of the lakes and pose a 
threat to the habitat of some aquatic organisms. For 
example, lakes with reduced pH support a proliferation of 


algae attached to the bottom (benthic filamentous 
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algae). These algae can coat gravel fish spawning beds 
making successful spawning impossible. Significant 
growths of these algae have been observed in Muskoka- 


Haliburton lakes such as Plastic, Chub and Leonard. 


Another observed change, detrimental to recreational 
activities, is the appearance of an alga called 
Chrysochromulina breviturrita Nich. which is 
characterized by a severe "rotten cabbage" or "garbage 
dump" odour which has caused lakes to be unsuitable for 
swimming. The alga has reached problem concentrations in 
four lakes in Ontario and one in New Hampshire in the 
past three years. Crosson Lake has experienced the 
problem. Dickie Lake had an extreme problem in 1979 and 
it has had cottagers there for over 20 years with no 
previous observations of the odour.24 The odour is so 
bad that residents would likely have remembered had it 


ever occurred before. 


The alga has now been identified at various popula- 
tion sizes in over 40 lakes in Ontario, most of which 


have low pH. 24 


Although little information has been collected on 
the role of microorganisms in acid stressed systems, 
Studies have shown that microbial decomposition of 
organic matter is reduced at low pH (reviewed by Harvey 


et al 1981) 29, It is believed that such disruptions 
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will affect the nutrient cycling and hence other trophic 


levels in acidified surface waters. 


255 Summary of Aquatic Effects 


The current acid loadings to parts of the 
Precambrian rock areas of Ontario, and in particular the 
important recreational areas of Muskoka and Haliburton, 
are causing some lakes and rivers to have low pH values 
for a few weeks during spring melt and for several hours 
or days during heavy summer and autumn rains. These 
lakes are regarded as acid-stressed. Aluminum levels in 
some study streams are in the range of values known to be 


lethal to fish from laboratory studies. 


The alkalinity of Clear Lake in Haliburton has 
declined by 60% over the last 10 years. This lake is 
unique only in that long-term measurements are avail- 
able. Sixty to ninety per cent of the lakes surveyed in 
this area of Ontario are classed as extremely or 


moderately sensitive to acidic inputs. 


Intensive studies on the biological effects of 
observed water quality changes are being carried out ina 
small number of lakes. Fish kills have been observed in 
one lake. Complete loss of fish populations concomitant 
with lake acidification are known for serveral lakes, the 


mechanism being recruitment failure. The loss of older 
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fish in the population is observed in acid-stressed 


Crosson Lake. 


Mercury concentrations are elevated in fish from 
lakes with pH values below about 6.0. There is reason to 
suspect that increased man-made atmospheric emissions of 
mercury from coal burning, coupled with acidification of 
precipitation and surface waters, will lead to higher 
mercury concentrations in fish and to more lakes being 


affected. 


Any loss or modification of the quality of sport 
fish iS a major concern to the sport fishing industry 
valued at hundreds of millions of dollars per year in 


Ontario. 


The potential for other biological effects has also 
been shown and in many cases damage has been documented 
by field observations. Observed effects on biota in 
acidified systems include a decline in the breeding 
population of certain amphibians, reduced numbers of 
zooplankton and benthic macroinvertebrates, changes in 
algal communities, the occurrence of a foul smelling alga 
that restricts recreational use of the lake and decreased 
microbial decomposition rates with potential effects in 


lake trophic status. 
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The acid stressed lakes under study are showing many 
instances of biological damage. It is highly likely that 
similar damage is occurring in the thousands of similarly 


acid-stressed lakes. 
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Figurel2.lActual and schematic examples of a weir designed to accurately record 
the flow of water in streams. Water samples are frequently collected for 


chemical analysis and concentrations and total amounts of chemical 
constituents passing through the weir are calculated. . 
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Figure 12.2 Regions of North America containing lakes that are 
sensitive to acidification by acid precipitation, based 
on bedrock geology, showing where calibrated watershed 
studies on sensitive areas are in progress. 
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Figurel2.3°Spring pH Depression” of a Stream 
Graph illustrating “spring pH depression” in one of the six 
inflowing streams to Harp Lake, a study lake in Muskoka. 
As the spring runoff increases the amount of water, the acidic 
melted snow causes the stream pH to drop, producing severe 
chemical “shock” effects on aquatic life. 
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Figurel2.5 Age composition of yellow perch ( 
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Figurel 2 .6Changes in the age composition of the White 
Sucker in George Lake, Ontario (3,6,18), 
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Figurel2.7Age composition of the White Sucker in Crosson Lake(17), 
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Figurel2.8Age composition of White Sucker for Harp and Red Chalk Lake, 1979(17). 
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LAKE #, NAME TWP. LAKE #, NAME 
1 DUCK LAKE MINDEN 8 DICKIE LAKE 
2 LITTLE CLEAR LAKE SINCLAIR 9 LEONARD LAKE 
3 HARP LAKE SINCLAIR 10 HENEY LAKE 
4 BIGWIND LAKE OAKLEY 11 CRANBERRY LAKE 
5 NELSON LAKE BOWELL 12 HEALEY LAKE 
6 CHUB LAKE RIDOUT 13 CLEAR LAKE 
7 CROSSON LAKE OAKLEY 14 FAWN LAKE 
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Figurel 2. 9Mercury concentrations in yearling yellow perch and epilimnetic 


DH relationships (31). 


/penutquos* * - 


STI 9 2 T9 O€ rT "4ISTd exYOYSNH 
T OOT °OD X8SSTPPTW 
TE €T € € 62 ZS °3STd UTTNORTuUeH] 
"OD uo bUTPPY 8 
GZ cS cL 9€ ® XOUUST 
72 OOT "OD Spee] 
GT OOT "OD yreUueT 
88 T9 > GZ VI "IST erOUSy 
ic OOT °OD uOmMHYH 
€9 89 cr 1Z "OD shut jsey 
CEL ST oe 6€ v2 "OD UOJINATTeH 
€ OOT "0D Aer 
79 v6 9 "OD OveuSqUOZA 
© i OOT | °OD weymn¢ 
LZ 78 Il L | "ASTq suerYyOOD 
; L 0OT "0D sonzg 
€9T 9Z 8Z O€ 1! G FOTAASTd euOhTW 
ee ee a a ee ee ee ee ee 
TIASTA 
/AYUNOD UT = . 
peAeamns (T/ben 00s <) (T/ben 66% 03 00Z) (T/ben 66T 93 OF) (T/ben 6°6€ 03 0<) (T/ber Q >) 
soyeT Jo SATITSUSS AATATATSUaS AWTATITSUasS AVTATITSuUes PSTITPTOYV AITIASTG 
“ON TeRIOL 30N MOT o7eTSpOW MOIVX zo AjzuNCD 


eee ee ees Ke 
sseTO AWTULTeYXTY yore UT SeYeT JO °ON TeIOL Jo ebequeorzeg 


9 ee i a a: en a ee 


WOTHLSTG YO ALNNOD Ad SSVID ALINTTWWIV HOWE NI SHMVI JO SOVINGOWGa ABL JO ANWWANS T° CT WIawb 


C OOT “OD AAOA 
it OOT "OD eBTAOAOTA 
O€ eS LG L oT “4ST 
HuTweys TUL 
Ger Sv Le SZ C 1: “4ST 
Xeq xSpunuL 
OTZ Ch cL EC 67 v2 "43stq Amadpng 
T OOT "OD WUOULTOIS 
if OOT *OD SODUITS 
0S 09 ce 8 °OD MoerzyUusd 
66 VT 6T 79 5 “4ST 
Zeaty Autey 
€ OOT moe) 
pazempy souTtiad 
67 7L 9 9T 7 "0D Ybnor0G7e3e8d 
T OOT °OD Teed 
\ LOT if OT v9 02 G “4ST 
= punos Azzedg 
S OOT "OD OTTeRUO 
: ib OOT °OD puet 
—T3quNYy AON 
SL € e1 GL 6 *4Istq butsstdIn 
ee ee ee a a aa ac I SED AO Ss cs Hu PB. PE 
qOTIASTA 
/KyUNCD UT “4 
pexeams (T/ber 00S <) (T/ben 66% OF 002) (T/ber 66T 03 OF) (T/ben 6*6€ 02 0<) (T/bar 0 >) 
SOyxeT JO SATITSUSS AYTATATSUSS AATATITSUSS ARYTATATSUSS PSETIIPTOW qOTIASTA 
“ON TEIOL ION MOT 3eLISPOW WMPIWXY zo AjunoD 


SSeTO AQTUTTeEXTY YoeS UT SoyeT JO “ON TeIOL JO Shequseoized 


IOIILSIG YO ALNNOOD AG SSVWIO ALINTIWWI¥ HOW] NI SHMVI JO GOWLNGONd SHL JO AMWWWNS T*cl FIdwL 


= P13 Oh = 


WAB UE E22 
pH OF STREAMS IN MUSKOKA-HALIBURTON, ONTARIO, CANADA: 
STREAM pH IS GIVEN PRIOR TO SPRING RUNOFF (MID-MARCH 1978) 
AND AT MAXIMUM RUNOFF (MID-APRIL 1978) 


Annual Average Alkalinity data from Scheider (Pers. Comm) 
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Waterhsed Annual 
Average Stream pH 
Alkalinity Number Mid-March Mid-April 
yweq/1 

Harp Lake 96 3 Out 5 eel 
3A 6.0 5 16 
5 529 4.8 
6 61.2 5. 
6A 54 5.0 
Outflow Geo 5.0 
Dickie Lake 55 5 4.6 4.3 
6 4.6 4.4 
a 4.9 4.% 
Outflow 5G 4.9 
Chub Lake 61 a ete: ae gl 
2 Ay 4% 
Outflow 5.5 4.8 
Red Chalk Lake 92 uh 6.1 sels 
2 4.5 4.3 
3 6.0 bine 
4 G.2 5-38 
Outflow Gel ree 
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13. TRANSBOUNDARY AIR POLLUTION 


DIRECT EFFECTS ON VEGETATION 


barek Introduction 


A number of air pollutants generated by various 
sources can cross international boundaries and also 
transgress state and provincial borders. . The main 
pollutants in this air mass which are or have the 
potential to be phytotoxic are sulphur dioxide (SO), 
ozone~(05)),"and acidiciprecipitation. Sulphur dioxide 
which is emitted by a large number of sources including 
power plants and smelters is usually deposited near the 
sources or transformed chemically in the atmosphere to 
other sulphur compounds. Thus S09 concentrations in 
remote areas at a distance from the source are normally 
reduced and not likely to cause acute adverse vegetation 
effects. However by oxidation to sulphates and 
hydrolysis to sulphuric acid, SOj contributes to the 
formation of the secondary pollutant acidic 
precipitation. Similarly ozone is a secondary pollutant, 
not being emitted directly by any source, but formed in 
the atmoshpere in the presence of sunlight after chemical 
transformations of nitrogen dioxide and reactive 
hydrocarbons. These two secondary pollutants, acidic 
Precipitation components and ozone, can be considered to 
be long range transported pollutants since they occur in 


high 


“oe = 


concentrations in ambient air at distances of hundreds of 
kilometers from the sources of the precursor pollutants. 
The direct effects on vegetation are well known and 
documented for sulphur dioxide and ozone based on 
observations made both in the field and in laboratory 
experiments. However, only experimental evidence is 
available for acidic precipitation, with no direct 
effects having been conclusively documented in the field 


for vegetation exposed to ambient precipitation. 


This section on the direct effects on vegetation of 
transboundary air pollutants will discuss in order 


sulphur dioxide, ozone, and acidic precipitation. 


L302 Sulphur Dioxide - Direct Effects on Vegetation 


Sulphur is an essential element for plants. 
Normally sulphur is taken up by plants from soil in the 
sulphate form and assimilated into various compounds 
usually after being chemically reduced. Sulphur dioxide 
absorbed from the air has been shown to rapidly undergo 
oxidation inside plant tissues. It is apparent that 
sulphur in its various forms is necessary in the 


intermediary metabolism of plants. 


Background levels of SO9 in the atmosphere are 4 ug 


m-3* or less (Georgii 1970) and there is no evidence that 


SR 1 Fateal, Pea me ie aaa . 
Conversion factor used to convert mass/volume units 
to volume/volume units of concentration (at 25°C and 


760 ~ hg) multiply by 3.82 x 10-4; or 1 ppm = 2600 
ug mM—-5, 


I oe 


these levels can cause harm to the environment. However, 
sulphur in excessive amounts can have a deleterious 


effect on plant life. 


The firstiwisiblesevidencey of) SO>eungury .to'rp¥ants 
is discernible in the foliage. The stems, buds, and 
reproductive parts of plants are visibly more resistant 
to S05 than foliar parts.‘ Iteis important®, to) stress*\the 
difference between acute, chronic, and subtle effects of 
SO5 on plant life. Acute injury is caused by a rapid 
accumulation of bisulphite and sulphite. When the 
ultimate oxidation product, sulphate, accumulates beyond 
a threshold value that the plant,.cells can. tolerate, 
chronic injury occurs. It is estimated that sulphate is 


about 30 times less toxic than sulphite (Thomas 1951). 


Definitions vary for acute and chronic injury and 
for subtle effects caused by air pollutants and to avoid 
different interpretations for these terms with respect to 
SO9, the following definitions will apply (Linzon 1978). 
Acute injury is macroscopic necrotic injury to plant 
tissue visible within hours or days following exposure to 
short-term (less than 24 hours) high concentrations of 
SO9. Chronic injury is macroscopic chlorotic injury 
(sometimes changing to necrotic injury) to plant tissues 
usually developing over a long period of time (from over 
one day to one or more years) from exposure to variable 


concentrations of SO 7. Subtle effects are measured 


re eee 


physiological or biochemical changes, and/or reductions 
in plant growth or yield in the absence of macroscopic 


injury. 


ES Pa aan 8 Acute Injury 


Acute injury on broad leaves takes the form of 
lesions on both surfaces, usually occurs between veins, 
and is often more prominent towards the petiole. The 
injury is local. The metabolic processes are completely 
disrupted in the dead or necrotic areas with the 
Surrounding green tissue remaining functional. The 
tissue immediately adjacent to the veins is extremely 
resistant. In some cases, injury can occur, on the 
margins of the leaves. Young leaves rarely display 
necrotic Seoaaphe ws whereas fully expanded leaves are most 
sensitive to acute SO») injury. The oldest leaves are 
moderately sensitive. In monocotyledonous leaves the 
injury can occur at the tips and in lengthwise areas 
between the main veins. In conifers, acute injury 
usually appears as a bright orange-red tip necrosis on 
current-year needles, often with a sharp line of demarca- 
tion between the injured tips and the normally green 
bases. Occasionally the injury may occur as bands at the 


tip, middle, or base of the needles (Linzon 1972). 


—ElI96.= 


For acute injury to occur, other environmental and plant 
factors are important. These include sunlight, moderate 
temperature, high relative humidity, adequate soil 
moisture, and plant genotype and stage of growth. If 
these factors are not conducive to injury, the plants 
will escape harm even in the presence of doses two or 
three times higher than those noted above. Conversely, 
if the predisposing factors are especially conducive to 


plant injury, the SO doses could be reduced. 


DS 2 are Chronic, Effects 


Chronic injury appears as a yellowing or chlorosis 
of broad leaves. In perennial conifers, chronic injury 
affects older needles and appears as a yellowish-green 
colour, then changes to reddish-brown, starting at the 
tips and developing towards the base (Linzon 1969). The 
rate of metabolism is reduced in leaves displaying 


chronic angjuny.< 


Chronic injuries develop slowly on coniferous peren- 


nial foliage with the greatest increase in injuries in 
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the Sudbury sulphur-fume effects area Occurring on tie 
one-year old needles of eastern white pine trees. 
Continued chronic injury to perennial foliage of 
coniferous trees results in premature needle abscission, 
reduced radial and volume growth, and early death of the 


trees (Linzon 19/1). 


Long-term chronic effects on coniferous trees are 
related to a variety of SOz exposures which include 
short-term high concentrations, short-term and long-term 
periods of sub-lethal concentrations, and even SO9-free 
periods in which time the plant life can recuperate by 
translocating and assimilating accumulated sulphur. To 
correlate the chronic effects on forest trees with atmos- 
pheric SO levels, it is preferable to use the average 
concentration for the total period of exposure, rather 
than the average of SOz fumigation periods only. Attacks 
by intermittent fumigations are unpredictable as to 
frequency of occurrence, concentrations of SO5, and dura- 
tion of the fumigation at any particular location. 
Chronic effects develop slowly, and the response of the 
receptor is influenced by other environmental factors in 
addition to SOj7. The vegetation affected is exposed 
throughout the entire growing season to the vagaries of 
the environment, (sun, rain, wind and drought) all which 


have an influence on plant response to SO. 
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Atmospheric SO, may affect a forest ecosystem in 
various ways. Forest communities have evolved and become 
established through the selective pressures of the 
environment. The addition of a new pressure, Such as 
increased atmospheric sulphur, can alter the delicate 
balance of the ecological system. This alteration may be 
beneficial or deleterious depending on the magnitude of 


the addition and the state of the receptor. 


In the Sudbury area of Ontario, three large nickel 
smelters had previously discharged approximately 6000 
tons of SO per day into the surrounding atmosphere. 
Forest effects in the area were excessive with severe 
injury on trees occurring up to 25 miles northeast of 
Sudbury. Based on studies of over 6000 white pine trees 
On 42 sample plots during a 10-year period, (1953-1963) 
the Sudbury area of Ontario was segregated into three 
fume zones: Inner, Intermediate and Outer, (Linzon 
1966). In the Inner Fume Zone, an area of about 720 
square miles, white pine trees displayed both acute and 
chronic foliar injuries which resulted in reduced radial 
and volume growth and in excessive tree mortality. In 
the Intermediate Fume Zone, an area of about 1600 square 
miles, some chronic SO» injury was present, while in the 
Outer Fume Zone, atmospheric contamination was too dilute 


to cause visible injuries. 
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Table 13.1 shows the results of forest studies 
conducted over a 10-year period in the sulfur-fume 
eftects area near Sudbury (Linzon 1971). Very LEttie 
acute injury to current year's needles occurred in the 
Sudbury forests northeast of Sudbury. The 
greatestincrease in foliar chronic injuries during the 
growing season was found to occur on the one-year-old 
needles. The continuous development of injuries on the 
older needles was reflected in early abscission of the 
oldest foliage, reduced radial and volume growth, and 
premature death of the trees. It is apparent thae: the 
chronic effects on forest growth were prominent where SO) 
air concentrations averaged 0.017 ppm (44 ug m-3), the 
arithmetic mean for the total 10-year measurement period, 
and chronic effects were slight where SO annual 


concentrations averaged 0.008 ppm (21 ug m7>). 


In the general area of West Bay (19 miles NE of 
Sudbury), SO? ee eat over 0.25 ppm occurred 8.56% of 
the time with the average SO concentration for the total 
10-year period being 0.045 ppm. There were 224 days with 
‘potentially injurious fumigations' (PIF) in the West Bay 
general area during the 10-year period or an average of 
22 days during each growing season when acute injury to 
vegetation could occur. Both acute and: chronic “injury 
occurred in this area with the maximum concentration of 
SO recorded being 2.5 ppm. However in the Portage Bay 


general area (25 miles NE of Sudbury) SO readings over 


a en ame 


0.25 ppm occurred only 1.1% of the time with an average 
SOj concentration for the ten years being 0.017 ppm. 
There were 23 PIF days during the 10-year period or an 
average of about 2 days during each growing season when 
acute injury to vegetation could occur in the Portage Bay 
area. Actually, observations after each potentially 
injurious fumigation revealed that acute injury occurred 
during 11 of the 23 PIF days, or only on an average of 
about one day per year. Chronic injury occurred for the 
most part in this area with the maximum concentration of 
SOz being 0.96 ppm. In the Grassy Lake general area (40 
miles NE of Sudbury) there was on the average less than 
One day every two years that a potentially injurious 
fumigation occurred. No acute injury was observed in the 
Grassy Lake area with only chronic effects occurring. 

The maximum SO z concentration during the 10-year period 
at Grassy Lake was 0.52 ppm showing the importance of all 
concentrations of SO5 in the development of chronic 


injury on coniferous evergreen trees. 


In Czechoslovakia, Materna et al (1969) reported the 
Occurrence of moderate chronic injury to foliage oF 
Spruce trees at Celna, under the influence of an average 
CONCent ration .or SO5 of 0.019 ppm (50 ug m~3) for the 
years 1966 and 1967. In this report the authors stressed 
the importance of both long-term concentrations of SO2 
and other environmental factors in producing chronic 


injury tO planes. 


201 


°(0/61) ‘S961 ‘1eBuUTSTe1qd Z% 
T/61 ‘uozuty 


et ee ee ee ee ee 


OD Se, co°0 d x 
(1) JuUaeToFzZJ209 
18°0 006°0O 076°0 006°0O o£6°0O ¥96°0O ¥96°O uo} JeTISAIOD 
(sit Ted uoe3ings) Aanfuy Zos ON (epusuy en ey4e7) 
100°0 porzUoD ¢°0 T° C+ 6°£ T°Ol 1 <€ €°O 9°0 M SoTTW €6 
Aanfuy ofFuosayo 
qu3TTs AIPA (e7e7T pleseuy 
Aanfut} 03 Assei5) 
800°0 aynoe ON 9° T oo tt T°6 G° LE L°9T G°? 47° O AN SOTTW €7-OV 
Aan[fut 
aynoe 3x{33TT 
pue 2Fuo01yo (Aeg 032310q) 
L£10°O AT SOW Ce? G°0- to GS O°éid 9°¢S G° 12 i a | AN SoTFW GC? 
Aanfut 
roe stem at fe) (4eq 389M) 
$70°0 pue sqNnoy 9°? Sr Wie 9°02 0° 96 6° LL O° st 0°? aN SoTyW 61 
(udd) (%) (%) (%) (%) 3 (%) (%) 
£961 €96I (Aanqpns 
z£961-9S61 potied aseneg €961-€S6I C961-ES6T €961 °3ny €961 eunr °2ny aune €961 3sn3ny ut woiry uot oe1;d 
juomsiNsea,, [BIOL Zos Aa TeIWOW SUNTOA TeIOL uz uy BuypyRoe] ut peanfuy peanfuy eseptjog peinfuy e8et{[od pue 90ue qsTqd) 
1OJ uot eIA,Us.UOD jo 30130q aBeIDAV ssoy7 10 ufey o8e a8etTTOY (1961) PTO-7FPA (Z961) PTO-1B2°4 $,ieexX JueIAIND uo}t2eI3s 
fos a8easay qTenuuy -13sAy Tenuuy 39H —OM] YIM seal], —3uQgQ YITM seo1l YIM sosi] Buy{dmes 3se104 


j82931Tems Aingpng wo1z Saouejystq SNofFAeA 3e S}IPJJY YS9I0G Jo vois9q —- [°E€T FTIPL 


—aZ0.2 = 


Epiphytic lichens, which are perennial and evergreen 
are extremely sensitive to SO» because they are 
continually exposed to the gases in a polluted environ- 
ment. In studies conducted on the occurrence of lichens 
at. Sudbury Chebllanc ¢t al) 972), *the mumber of epiphytes 
found growing on Populus balsamifera trees was 
drastically reduced in zones where the growing season 
mean levels of SOz were over 0.02 ppm (52 ug m73) and 
slightly reduced in zones where the mean levels of SO2 
were over 0.01 ppm (26 ug m~3). Similarly, in Sweden 
(Skye 1964) it was found that the survival of lichens was 
less in areas with an annual SO» concentration of 
approximately 0.015 ppm (39 ug m73) and in the Tyne 
Valley, England (Gilbert 1969) a low species diversity of 
lichens was reached when the annual average of SO, was 


above 0.016 ppm (42 ug m73). 


135.3 Air Quality Standards for Sulphur Dioxide 


In formulating air quality standards for SO for a 
particular jurisdiction many factors must be taken into 
consideration. Foremost are the scientific criteria 
which desoribemthe effects offSO5 fou given: concentra— 
tions and time periods on exposed receptors. These 
criteria are generally assembled from information 
published in scientific and technical reports. The 
published data may be based on effects in the field 


caused by ambient atmospheric concentrations of SO, or 
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from experiments conducted under controlled environmental 


conditions. 


Generally, the effects of SOzg observed in the field, 
under natural conditions, provide the best basis for 
interpretation. Difficulties are encountered in 
attempting to extrapolate the results of experimental 
fumigations to natural ecosystems. The reasons for the 
difficulties are that the varying environmental condi- 
tions which occur out-of-doors are almost impossible to 
duplicate in experimental fumigations. The temperature, 
relative humidity, light quantity and quality, wind, soil 
moisture, receptor responsiveness, SO? concentrations, 
and presence of other air pollutants are continuously 
Pluctiiat ingVin~the ‘frela™at the site of the receptor- 


environment interface. 


Despite these difficulties, published data on 
artificial fumigation work indicated that effects on 
plant life were caused by some extremely low SO» doses. 
Conversely, the literature showed that some plants were 
notably resistant and could tolerate very high concentra~ 
tions of SOj. For example, injury occurred on extremely 
sensitive strains of eastern white pine at a dose as low 
as 0.03 ppm SO» for 1 hour (Costonis 1971) whereas 3.0 
ppm for 1 hour was required to cause minimal injury to 
Acacia pruinosa (O'Connor et al 1974). Many jurisdic- 


tions have an air quality standard for SO2 close to 0.3 
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ppm for 1 hour which is 10 times higher than one of the 
lowest dose-responses reported and 10 times lower than 


one of the highest dose-responses reported. 


In considering other factors, administrators may 
reduce current SOj standards. These other factors 


include: 


1. Synergism, in which the concentration of SO9 
required to cause injury to receptors can be lowered 
significantly when combined with other air 
pollutants such as O3 Or NO»; and 


2. Acidification, in which the oxidation of SO to S03 
and hydrolysis to H9S04 contributes to acidic 
precipitation which has the potential to cause 
etfects on soils and plant lite. 

However, the present state of knowledge on the precise 


role that ambient levels of atmospheric SOz play in these 


two phenomena is incomplete. 


Establishing satisfactory air quality standards for 
SO5 are important for the protection of all receptors, 
including man, animals, vegetation, water and fish. 
Adequate air quality standards for SOy will help to 


prevent: 


1. Acute injury to current year's foliage and chronic 
damage to forests which includes accumulation of 
excess sulphur in perennial foliage on trees, 
progressively increasing injuries to older foliage, 
early abscission of older foliage, reduced radial 
and volume of growth of trees, and premature tree 
mortality; 
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2. Killing of lichens and changes in the species of 
lichen populations in sulphur-polluted areas; and 


3. Adverse effects on lake quality and fish populations 


caused by long range transport of sulphates which 
contribute to acidic precipitation. 


L304 Ozone-Direct Effects on Vegetation 


Visible injury to vegetation which was first 
reported in the vicinity of Los Angeles (Middleton et al 
1950) in 1944 was one of the earliest indicators of 
photochemical oxidant air pollution. However, it was not 
until 1958 (Richards et al) that ozone, now recognized as 
the major component of photochemical smog and one of the 
most damaging of all air pollutants affecting vegetation, 
was identified as a direct phytotoxicant in the smog 
complex. The other photochemical oxidants which are also 
classed as secondary air pollutants include nitrogen 
dioxide and the peroxyacylnitrates. Although both the 
latter pollutants have been scientifically documented as 
phytotoxicants, their overall significance with respect 
to transboundary movement and direct vegetation effects 
in areas remote from the major smog centres either is of 
minor importance or is not sufficiently documented to 
warrant consideration in this document. As such, the 
information pertaining to transboundary oxidant effects 


in this section will focus entirely on ozone. 


Visible foliar injury resulting from exposure to 
atmospheric ozone usually is apparent either as pigmented 


lesions, upper surface bleaching, bifacial necrosis or as 


=—a2U0r— 


general chlorosis (Hill et al 1970). The injury is 
characteristically interveinal in nature; however, in 
many species the lesions can become more prevalent along 
the sides of the larger veins and actually develop over 
the smaller veinal tissue. The development of symptoms 
also is very closely associated with tissue age, with 
leaves ranging from 65-95% of full size being the most 
sensitive. Young, recently developed leaves are 
considerably more resistant, as in most cases, are older, 
fully mature leaves. This relationship between tissue 
age and ozone sensitivity is of significant diagnostic 
value, as: injury’ location «on the’ leaf-or leaflet usuably 
will follow a pronounced pattern associated with the 
developmental progression of the plant or leaf. Multiple 
exposures to ozone can complicate this symptomatology as 
younger leaves become more sensitive and previously 
sensitive leaves become increasingly more resistant. 

Also affecting the injury syndrome are a host of environ- 
mental factors which in effect control the overall 


response of any group of plants. 


A conceptual model depicting these factors and their 
relationship with injury expression has been developed 


(National Academy of Science, 1977) and is shown below. 
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Included in this model are the parameters of 
concentration, duration, and exposure frequency which 
together constitute pollutant dose. There have been a 
number of publications (Heggestad and Heck 1971, Heck and 
Tingey 1971, and Larsen and Heck 1976) which have dealt 
specifically with the relationship between time, 
concentration and plant response; however, the most 
extensive coverage of this matter was presented in a 1975 
Canadian National Research Council Criteria Document 
(Linzon et al 1975). A time-concentration scatter 
diagram based on 5% acute foliar injury development for 
over 100 plant species and varieties was developed and 


revealed a threshold dose for injury to the most 
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sensitive plant species .of 10 and 3 pphm for 1 and 8 hour 
exposure periods, respectively. The corresponding 
concentrations for plant species considered intermediate 


in response were 20 and 10 pphm respectively. 


Although the effects of ozone exposure on crop yield 
Or productivity have not been as extensively documented, 
there are, nevertheless, numerous reports on this topic. 
The assessment of yield parameters is complicated by the 
ubiquity of ozone exposure and the difficulty in 
establishing suitable ozone-free control plots. These 
difficulties have been at least partially overcome by the 
use of open-top field chambers (Heagle et al 1972, McLean 
and Schneider 1976, and Leone and Green 1974) and by 
providing exposure protection through the use of experi- 
mental anti-ozonant chemical treatments (HOTS tran etear 


1978, Manning et al 1974, and McClenahen 1979). 


Although ozone formation was traditionally 
associated with urban atmospheres (smog) due to the input 
of precursor pollutants in these areas, it is now 
recognized that long range transport by regional air mass 
movements can result in significant ozone episodes and 
vegetation injury in remote rural areas (Stasiuk and 
Coffey 1974, Wolff et al 1977, and Hayes and Skelly 
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In Ontario the first indication of transboundary 
ozone movement across Lake Erie was documented by 
Mukammal in 1960 following extensive work on the 
relationship between the incidence of weather fleck on 
tobacco and meterological conditions associated with the 
buildup of ozone. Since.then.a number of large-scale 
meteorological investigations (Yap and Chung 1977, and 
Anlauf et al 1975) have documented these early findings 
and have shown that high ozone levels generally are 
associated with regional southerly air flows which have 
passed over numerous urban and industrialized areas of 
the U.S. and which, as they move across the lower Great 
Lakes, undergo rapid dispersion as they encounter 
unstable conditions near the northern shore of Lake 
Erie. Contributing to these influx patterns are the more 
localized downwind urban effects which can add to the 


already high background levels. 


Nowhere in Canada has the problem of ozone injury to 
vegetation been as extensive or as well-documented as in 
the southwestern portion of the Province of Ontario, 
Ozone induced ‘weather fleck' on the foliage of sensitive 
tobacco cultivars was first observed in this area in 1954 
(Macdowall et yi 1963) and, since that time, ozone injury 
has been documented on many different crop species 


(Ormrod et al 1980). 
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In an effort to highlight the severity and extent of 
crop injury or yield loss resulting from exposure to 
ambient ozone in Ontario the following summary has been 
prepared. Although not all of the information which is 
presented has been published in the scientific literature 
it has nevertheless been scientifically documented by 
government agencies or university departments working 


under assessment mandates or research contracts. 


A bie eae White Beans 


The bronzing or rusting of the foliage of white 
beans has been observed since as early as 1918 and was 
Originally classed as a non-parasitic disease and 
referred to as sunscald (Weaver and Jackson 1968). In 
1961 the disorder was reported (Clark and Wensley 1961) 
throughout southwestern Ontario and the resultant 
defoliation and pod abortion was estimated to have 
resulted in a loss of approximately 600 pounds of beans 
per acre in severely affected fields. In 1968, following 
extensive field work in 1965 and 1967 the symptomatology 
of the disease was more thoroughly documented by Weaver 
and Jackson (1968) and the disorder was found to be 
associated with the occurrence of elevated levels of 
atmospheric ozone pollution. The symptoms were described 


as follows: 


The symptoms first appear sometime between 
flowering and normal senescence. The older 
leaves become senescent and absciss premature- 
ly; the younger, fully expanded leaves develop 
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a bronze-coloured necrotic stipple which is 

confined to the upper surface of the lamina. 

The stipple may occur in combination with 

chlorotic symptoms as well. Immature leaves 

are generally not affected. The developing 
bean pods may show striate, necrotic lesions 
along the fibers of the pod sheath. Reduced 
seed set, pod yellowing and abscission are also 
associated with the disorder. 

In an effort to assess and compare the annual 
severity of ozone injury on sensitive white beans, 
personnel from the Phytotoxicology Section, Ontario 
Ministry of the Environment have conducted visual 


assessment surveys throughout the major production areas 


in southern and southwestern Ontario since 1971. 


In the 10 years of study over 300 visual ratings 
have been made with injury severity ranging from 
negligible amounts to severe bronzing and associated 
premature foliar loss. These studies also ruled out any 
differences in varietal sensitivity and confirmed that 
the problem was widespread throughout the bean production 
areas with no one area being any more severely affected 


than any other. 


Studies utilizing chemical protectants against ozone 
injury have helped to provide information on the economic 
relevance of the bronzing disorder. In one case a 13% 
yield increase was associated with the reduction in 
bronzing severity (Curtis et al 1975), while in another 
study yield increases of up to 38% were realized (Hofstra 


et jal 1978). 


See es 


1334.2 Tobacco 


"Weather fleck" of tobacco so named because of its 
relationship to certain weather conditions has been 
recognized as an ozone induced disorder in Ontario since 


1954 (Cole and Katz 1966). 


The symptoms appear on fully expanded leaves, the 
younger and older leaves being more resistant. They 
Start on the upper leaf surface as greyish, water soaked 
lesions which become light ivory to tan-brown in colour 
with time. In more severe episodes the lesions can 
coalesce into larger flecks or spots and become bifacial 
with increasing severity. Successive episodes of ozone 
fumigation result in new lesions appearing on healthy 
tissues of recently injured, fully expanded leaves as 


well as on fully expanded leaves higher on the main stem. 


Although considerable success has been achieved in 
Ontario, in the area of breeding resistance into commer- 
cially acceptable varieties, losses associated with this 
high value crop continue to be a problem in tobacco 
production (Ormrod Sttat  L9s0)sew Io L972 sand 3 
economic losses resulting from decreased leaf weight and 
quality were estimated at 1.0 and 1.35 million dollars 
respectively. Although economic estimates of crop loss 


have not been made since that time, a visual assessment 
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of foliar injury severity consisting of 33 separate 
observations throughout the major tobacco production 
areas of southern Ontario was conducted in 1977 by 
Phytotoxicology staff from the Ontario Ministry of the 
Environment, and confirmed the presence of foliar injury 
development ranging from less than 1 to 20% on flue-cured 
species and up to 88% on burley types. In view of these 
findings and considering the continued increase in the 
dollar value of the crop in recent years, the current 
annual economic loss probably is in the 2-3 million 


dollar range. 
13 44435 Potatoes 


The foliar symptoms referred to as "speckle leaf" on 
this crop usually appear sometime after mid-July when the 
plant has flowered and the tubers are developing. As the 
demands for photosynthetically produced nutrition at this 
time are at their peak the potential for adverse yield 
effects is great. The symptoms appear either as a 
blackened stipple or flecking on the upper leaf surface 
which can coalesce and become bifacial necrotic lesions 
or as undersurface, irregularly sized, silver-grey 
lesions which also can become bifacial as they increase 


in size and severity. 


Although the adverse economic effects of the injury 


to this crop have not been thoroughly documented in 
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Ontario, the foliar symptoms have been recognized as 
being ozone induced since as early as 1954 (Johnston 
1972). anditinvseveralk latertyears? (McKeense trainiloy 39% 
Yield losses are suspected to be quite high on several of 
the most sensitive varieties. Staff from the Ontario 
Ministry of the Environment have conducted annual foliar 
injury assessment surveys throughout the major production 
areas since 1977 and in that time have examined over 130 
plantings and recorded foliar injury development ranging 
from less than 1 to 30% leaf area. A more detailed yield 
assessment which is also exploring the possibility of 
ozone-disease interactions is currently in progress and 
Should provide a comprehensive outline of the adverse 


effects of ‘the foliar isymptoms:,omicrop: yrelkd:. 


Ji Seaaeed Grapes 


Dark brown to black spotting or stipple of grape 
leaves was first reported in California (Richards eticat 
1958) and was attributed to the presence of atmospheric 
ozone in the grape production areas. The symptoms which 
include premature leaf senescence and abscission and 
commonly called "brown leaf disorder" have been reported 
to be widespread on several American cultivars and French 
hybrids grown in vineyards throughout upper New York 
Sstates(Shaulis et \alicl972).. «nin (1973 rand, +197 4, 6( Kender cand 
Carpenter 1974), a large number of grape cultivars and 


hybrids in both New York State and Ontario were assessed 
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for oxidant injury severity and these findings prompted 
an in-depth 4 year study by the University of Guelph to 
ascertain the extent of the problem in terms of the 
severity of foliar injury development and potential 
adverse effects on crop yield and quality. Although 
these results have not yet been published they did 
confirm that the "brown leaf" disorder of grapes is a 
readily recognizable problem in Ontario each year and 
that, in general, the most severe injury can be found in 
the Simcoe vicinity, followed by southwestern Ontario and 
the Niagara region, in that order. The failure of the 
anti-ozonant chemical treatment to offer sufficient 
protection from foliar injury development negated the 
efforts to quantify adverse yield and quality effects. 
As such, the relationship between foliar injury develop- 
ment and yield parameters remains unresolved for this 


crop: 


13.4.5 Other Crops 


Other Ontario grown crops which have been shown to 
display varying degrees of foliar ozone injury include: 
onion, cucumber, celery, pumpkin, squash, and radish. 
PAN-type oxidant symptoms also have been recorded on the 
undersurface of the leaves of sensitive tomato cultivars 
throughout the major production areas of southern Ontario 
since 1972. Unfortunately until such time as ambient 


monitoring for this component of the photochemical 
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oxidant complex is completed, the injury must be referred 


to as PAN-type. 


13.4.6 Summary = OZONE 


Foliar injury development and associated crop yield 
losses resulting primarily from the transboundary move- 
ment Of photochemically produced ozone into Ontario have 
been well documented and represent a Hey Signer eine 
impediment to the agricultural economy of this Province. 
On the basis of the known response of other woody and 
Ornamental species relative to that of sensitive crop 
species, it is possible that other sectors of the economy 
both in Ontario and in other regions of Canada have 
suffered to some degree due to losses either in aesthetic 


appearance or general productivity. 


In a review of ozone effects on plants which was 
published in 1975 by Reinert the effects which can be 
expected from repeated exposures to ozone in excess of 
0.08 ppm (l-hr average) are losses in plant fresh and dry 


weight which may approach 15-303. 
Lesa 7 Ozone: Acid Precipitation Interaction 
ee eee eee LON ree race Lon 
There have been few experimental studies designed to 


explore the possiblity of interacting effects between the 


two major pollutants associated with long-range, trans- 
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boundary air mass movements (ozone and acidic precipita- 
tion). There have, however, been several reports that 
stress the importance of both sulphur (Adedipe et al 
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1972) and nitrate (Menser and Street 1962, Brewer 
1961 and Ormrod et al 1973) nutrition in determining 
plant response to ozone. As plants can derive 
significant portions of their nutrient requirement from 
foliar uptake the potential for ozone-acid precipitation 


interactions must be considered. 


Although experimental study of this concept isa still 
at an early stage there are indications based on 
controlled fumigations under simulated field conditions 
(Jacobson et al 1980 and Shriner 1978) that both nitrate 
and sulphate, the two major components of -acldac 
precipitation, can have an interacting effect on plant 
response to ozone and must therefore be considered in any 
field evaluation of crop response to ozone fumigation. 
Jacobson et al (1980) using open-top exposure chambers 
with field-grown soybeans, compared growth and yield 
between three pH levels of simulated rain (pH 260 pes, 
and 4.0) and two levels of ozone ( 0.03 and. 0.12 ppm). 
Results demonstrated that ozone depressed both growth and 
yield of soybeans with all three rain treatments, but 
that the depression was greatest with the most acidic 


rain. 
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14. ACIDIC PRECIPITATION — DIRECT EFFECTS ON VEGETATION 


Acidic precipitation can affect terrestrial vegeta- 
tion either directly or indirectly. Direct effects are a 
consequence of the interaction of the acidic solution 
with the surfaces of the above ground portions of the 
plant. Indirect effects are a consequence of the acidic 
solution inducing changes in the plant environment, most 


commonly the rooting medium. 


Such a distinction may appear artificial in 
resolving the question of plant response to acidic 
precipitation. Since a plant is a dynamic entity, a 
stimulus that induces a negative response on one hand 
will more often than not cause the organism to compensate 
by drawing upon the resources available» to it inthe 
environment. The availability of such resources will 


influence the magnitude of the initial response. 


Nevertheless, there have been numerous investiga- 
tions conducted in an attempt to resolve how a plant will 
react to the direct contact of an acidic solution. The 
most common parameter measured is the degree and type of 
injury caused to a vegetation surface, usually the leaf, 
together with a measurement of a physiological or morpho- 
logical response. A second interaction mechanism 
examined concerns chemical measurements. Such include 


the degree of foliar leaching and changes in the 
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chemical composition of the plant tissue. Other investi- 
gations have examined host-parasite relations and 


fertilization success. 


For the most part, such experimentation involves the 
application of acidic solutions to the test organisms. 
The solution may be dilute mineral acid(s), simulated 
rain prepared with salts and acidified by mineral acids 
or collected ambient rain further acidified. Application 
techniques vary from simple hand spraying in a greenhouse 
to highly controlled environment chambers with turntables 
and overhead nozzles. Rates, frequencies and exposure 
durations vary as do test species. Unrealistically high 
acidities are usually employed, as compared to ambient 
rain £O shorten the time frame necessary to observe a 


response. 


Extrapolation of laboratory simulation results to 
natural situations would be very difficult. Certainly 
there has not been any clear evidence of ambient rainfall 
acidity conditions causing damage to vegetation or either 
promoting or inhibiting productivity of forests or crop 
plants. The complexity of environmental variables makes 
it difficult to obtain such evidence at least if acidic 


precipitation conditions do not worsen. 


It is necessary to encourage continuing research on 


the interaction of acidic precipitation and vegetation. 
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Such an approach is the only one feasible at this time 
and results so obtained can direct field investigations. 
Much information is already available and is reviewed in 


the following sections. 
14.1 Leaching of Foliage Constituents 


Enhanced leaching of foliage constituents, notably 
inorganic a Tones: by acidic rainwater 1S an often cCrced 
effect on vegetation by acidic precipitation. 

{(Ferenbaugh- 97-5 Glass ret ads 1979, Jacobson 1980, Likens 
Cie lay iae Overrel mirkd i prertwo main approaches have 
been. used to. evaluate this effect.. Application of acidic 
solutions to plant tissue by various techniques is 
followed by an analysis of the solution. Changes in 
chemical composition are noted. An alternative approach 
has been to collect precipitation after it has interacted 
with the plant tissue under ambient conditions. 
Comparisons to incident precipitation chemistry are then 


made. 


The first approach has the advantage of being able 
to isolate one variable, namely H* ion concentration. 
Observed response can be related to this variable... The 
second approach lacks this advantage. It further lacks 
the ability to separate the effect of acidic precipita= 
tion from that of the various other pollutants. 


Variables due to site location, species and physiological 
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condition of the vegetation compound the difficulties. 
Nevertheless, the two approaches can be complementary as 
field observations can be interpreted in light of 


experimental observations. 


The role and importance of rain, dew and mist in 
leaching of plant tissue is discussed in an excellent 
Summary by Tukey (1980). An understanding of this 
process is crucial in consideration of acid precipitation 


induced changes. 


A wide variety of BEyanic and inorganic substances 
can be leached from foliage and the process is essential 
to the proper growth and development of plants. Cations 
from exchange sites on the cuticle or from the transloca- 
tion stream within the leaf are exchanged for Ht ions in 
the leaching solutions. Losses from the cells are not 
Significant except in cases accompanied by visible 
injury. Young, vigorously growing tissue will have fewer 
exchangeable cations and consequently losses will be 


smaller than from more mature tissue. 


Normally, carbonic acid derived from CO j in the rain 
is a source of such Ht ions as well as the carbonate 
anions. Cations lost from the tissue will be in the form 
of alkaline carbonates. Leaching induced losses from 
foliage is an important mechanism of nutrient cycling in 
an ecosystem. Nutrients in excess of cell metabolism 


requirements are returned to the soil store. 
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However, under present conditions of rainfall 
acidity, carbonic acid will not occur. The anions are 
sulphate and nitrate and there is an elevated concentra- 
tion of Ht ions. Consequently, alterations in the 
foliage leaching process and the form of recycled 
nutrients are highly probable. The net effects of such 
alterations in the plant or the community are under 


investigation. 


Cation losses from foliage have been found to 
increase in response to increasingly acidic solutions 
being applied. Wood and Bormann (1975) found such 
increased losses for Cat*, kt and Mgtt from pinto bean 
and sugar maple. Losses accelerated if the tissue was 
injured by extreme acidity. Nat losses did not follow 
the pH trend while Catt and K+ were the cations most 


affected. 


In a similar experiment, Fairfax and Lepp (1975) 
found Cat+ losses from tobacco to increase with 
increasing acidity. However, Mg*t was unaffected and Kt 
losses actually decreased. Damage to a Kt root uptake 


mechanism is hypothesized. 


Leaf litter will also be leached by acidic solu- 
tions. Fairfax and Lepp (1976a) noted accelerated losses 
of Na, K, Ca, Mg, Zn and Cu with increasing treatment 


acidity. Sustantial Mg loss was attributed to 
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chlorophyll breakdown. Lee and Weber (1980) found that 
the acidic precipitation simulant applied to a 
reconstructed forest (lysimeter) was neutralized after 
passing through the litter. S0O4= concentration 
increased after percolating through the litter. Catt 


losses increased with increasing SO4> concentration. 


In the Norwegian SNSF project acidified groundwater 
was applied to spruce canopies through overhead irriga- 
tion, (Abrahamsen et al, 1976). Leaching losses of K, 
Ca, and Mg were stimulated at low pH whereas, Nat, NHyt, 
NO3-, Cl- and PO4t+t++ were not dependent on pH. In these 
experiments it was also noted that Cat+ and Mgt+ were 
absorbed by the spruce crowns at high pH. This is due to 
the use of groundwater with high concentrations of such 


nutrients. 


Forest floor mosses have also been found to lose 
more nutrient cations when leached with acidic solutions 
(Fairfax and Lepp (1976b)). Pretreatment with NO> 
enhanced losses. Since mosses and lichens can be highly 
dependent on the atmosphere for nutrients, acidic 


precipitation leaching may be a significant deleterious 


effect. 


Aside from such simulated acidic precipitation 
leaching studies, there has been much effort directed 


towards comparing ambient precipitation quality before 
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and after forest canopy interactions. Such studies 
invariably address rainfall and throughfall acidity and 


how it related to other observed alterations. 


Eaton et al (1973) found that numerous nutrient 
cations and anions were enriched in throughfall under 
maple, beech and birch at the Hubbard Brook Experimental 
Forest. The ratios of different nutrients varied with 
the tree species. The tree canopies were also found to 
neutralize the acidity of precipitation. Ninety-one per 
cent of the incident H+ ions remained in the canopy while 
27% of the cation leaching was attributable to H* ion 


exchange. 


Cole and Johnson (1977) observed an increase in pH 
of throughfall in a Douglas Fir forest in Washington. 
Continuous conductivity and pH measurements suggested 
that most of the canopy leaching occurs during the early 
stages of an event. However, since throughfall pH 
remained a unit higher than incident rain pH through an 
event, Ht ion-cation exchange was continuous. During a 
light drizzle, incident rain pH fell below 3 but 


throughfall remained above pH 5. 


McColl and Bush (1978) observed a decrease in 
acidity and an increase in other ions upon throughfall in 
a Eucalyptus forest in California. They concluded that 
the contribution of ions to throughfall was a result of a 
wash-off of dry-impacted pollutants. Acidity was being 


neutralized by particulates. 
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In contrast, studies in the vicinities of SO, 
sources, such a natural gas processing plant, indicate an 
increase acidity upon throughfall (Baker et al 1977). 
Deposition of SOz to the canopy contributes to this 


increase. 


While dry deposition of pollutant gases and 
particulates will have a definite influence on through- 
fall chemistry; the interacting tree species may have a 
Similar influence. Studies contributing to the Norwegian 
SNSE project, note, such; differences, (Byjor.et al.i974), 

The pH of incident precipitation was in the range 3.85 to 
5.80 while throughfall pH under spruce, pine and birch 
was in the range 3.35 to 7.00. Spruce and pine canopies 
enhanced concentrations of strong acid, Nat, Mgtt+ and 
SO4> Birch canopies reduced strong acid concentration 
while enriching Mgtt, A strong correlation betwen Mg++ 
and SOg= in throughfall suggests acid leaching of foliar 


magnesium. 


The observed increase in strong acid upon through- 
fall under the conifers is interesting in light of some 
recent observation made by Hoffman et al (1980). 
Throughfall under a chestnut and oak canopy in Tennessee 
had reduced strong acid concentration, however, total 
acidity was conserved. Weak acids derived from the 
foliage are postulated to be compensating for strong acid 


losses. 
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The foregoing studies do demonstrate one common 
point; precipitation-vegetation contact results ina 
repartitioning of chemical components. The direction of 
this exchange depends on availability for exchange of a 
given component within each system. Throughfall studies 
demonstrate an enrichment of inorganic ions in the 
precipitation after contact with vegetation. Experi- 
mental evidence demonstrates increasing losses of cations 
if the Ht ion concentration in the leaching solution 


increases. 


If such a leaching process is a simple exchange of 
H+ ions for cations then the fate and effect of 
increasing Ht ion concentration in plant tissue is a 
question that deserves some consideration. If increasing 
rainfall acidity is providing excess Ht ions for foliar 
cation exchange, exchangable foliage cations may be 
depleted. However, if the leached elements are in an 
available form then root uptake will ameliorate these 
losses. Thus soil conditions would have considerable 
influence. Soil would also be a factor in determining 
availability of leachable ions to foliage and thus the 


degree of neutralization of throughfall acidity. 
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14.2 Foliar Injury, Physiological Alterations 


and Yield Effects 


A considerable body of literature exists concerning 
foliar injury symptoms induced by acidic solutions. 
Changes in productivity are often assessed in conjunction 
with such observations. All such observations have been 
made under experimental-acidic rain simulation condi- 
tions. There has not been any conclusive report of 
ambient acidic precipitation having a deleterious effect 
on vegetation in the field.) : This» is*of;course apart. from 
areas close to point sources of sulphur dioxide 


emissions. 


Efforts to assess changes in forest productivity as 
a result of the deposition of long range transported 
acids generally have been unable to show a decrease or 
have been inconclusive. (Andersson etraloh9s0 , KCogbids 


1977, Whittaker et al 1974). 


Difficulties arise in attempting to observe tissue 
damage or reduced productivity of forests and crops 
resulting from presently occurring ambient precipitation 
acidity. The environment is highly variable, with any 
number of positive or negative influences to vegetation. 
These would be very difficult to isolate from effects due 
to precipitation chemistry. Long-term deleterious 
effects to forests would probably follow soil 


degradation. 
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Experimental studies with acidic solutions applied 
to vegetation have resulted in a number of observations 
of injury symptomatology. The pH of the test solution 
must usually be 3.5 or lower to elicit such responses. 
However, numerous other variables, aside from treatment 
solution pH must be considered. Species differences, 
with their associated morphological features, physio- 
logical condition and ability of the plant to neutralize 
acid will all influence degree of injury. Treatment 
frequency, duration and intensity, solution chemistry and 
environmental conditions before, during and after 


treatment can all contribute to variability in response. 


One attempt to evaluate a dose-response relationship 
was made by Jacobson and van Leuken (1977). They found 
that injury depended on treatment duration in addition to 
simply treatment acidity. Consequently the following 
summary of experimental evidence for response of various 
species to acidic solutions should be viewed in light of 


the variable treatment conditions employed. 


Wood and Bormann (1974) misted greenhouse grown 
(loam soil) yellow birch seedlings with acidified (H S04) 
distilled water. Intensity was equivalent to 0.5 cm of 
rain over 6 hours per week and for either 1l or 15 
weeks. Necrotic spotting was observed at treatment pH 
3.0 and 2.3. Leaf curling, shortening and death was 


observed at the pH 2.3 treatment level. Seedlings which 
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were exposed to mist at an early life stage (cotyledon) 
died with pH 2.3 treatment while older seedlings 


survived. 


Ferenbaugh (1976) sprayed greenhouse bean plants 
with HjSO4 acidified distilled water. Daily application 
waS made until leaves were thoroughly wetted. Duration 
of experiments was not reported. Histological, physio- 
logical and biochemical perturbations were assessed. At 
pH 2.5, shortened internodes and increased budding were 
observed. Leaves were smaller with rolled-under 
margins. At pH 2.0 and 1.5, necrosis and premature 
abscission occurred. At pH 2.5 and less, cells, inter- 
cellular spaces and starch granules in the chloroplasts 
were smaller. Bundle sheath parenchyma and epidermal 
cells were acidified to less than pH 4. Chlorophyll 
concentration was reduced at pH 2.0 but this could be due 
to the high incidence of necrosis. Sugar and starch 
content was reduced at pH 2.5 while photosynthetic rate 
increased with treatment acidity. Biomass especially of 


roots, was reduced by the acid treatments. 


Evans et al (1977a, 1977b) sprayed bean and 
sunflower plants with a simulated rain solution acidified 
with Hj)Sso4. The daily 6 minute treatment was a rate of 
0.78 cm/hr. Foliar perturbations were examined by 
electron microscopy. Injury was observed at pH 3.1 and 


was progressively more severe as pH of treatment 
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decreased. The injury consisted of collapsed adaxial 
epidermal cells while sites of injury were concentrated 
near trichomes and stomata. Lesion size increased with 


repeated treatment. Chlorosis was also noted. 


Evans et al (1978) exposed 6 hybrids of poplar to a 
simulated rain solution acidified with HjS04. Five, 
daily, 6 minute applications were made at a rate OLbi so 
mm/hr. Several clones were injured after 5 days of the 
pH 3.4 treatment. Severity of injury increased with 
treatment repetition and increasing acidity. A single 
treatment at pH 2.7 or 2.9 produced lesions, chlorosis 
followed by necrosis and some clones exhibited a red 
coloration at the lesion periphery. Two clones developed 
galls. Lesions were concentrated near stomata and 
vascular tissue. Very young and older leaves were least 
affected. The differential response of the clones is of 


interest. 


The differential response of a number of species was 
examined by Evans and Curry (1979). Soybean, spiderwort, 
pin oak and bracken fern were subjected to a simulated 
rain solution acidified with HjSO4. Plants were grown 
and treated in chambers. Exposure was daily for 20 
minutes and for 10 days (twice daily for spiderwort). 
Between 2.3 and 5.0% of the leaf surface of spiderwort 
was injured after 9 days at pH 2.3. Cell hypertrophy 


occurred. Eighteen per cent of the bracken fern pinnae 
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surface was injured after 10 days at pH 2.5. Pin oak 
leaves had less than 1% of the surface area injured after 
10 days at pH 2.5. Galling was observed. Soybean was 
injured (6-7% of leaf area) after 6 days at pH 2.7. 
Younger leaves were more sensitive. Leaf surface 
characteristics are probably important in delineating 


differential sensitivity of species to acidic solutions. 


In an attempt to elucidate the effect of treatment 
variability, aside from Ht ion concentrations, Jacobson 
and van Leuken (1977) conducted a variety of simulation 
experiments. Test species, frequency and duration of 
application as well as chemical composition of simulant 
were examined. Typical injury symptoms consisted of 
necrotic lesions. Herbaceous plants were injured after 1 
Menuce.at. PH Zereel <> NOULS. AC spins 3.0 ~~ os NOULS sal pio «2 
and 9 hours at pH 3.4. The presence of additional ions 
(approximating natural rain) in the acid solutions did 
not alter symptomatology. Repeating the treatment or 
prolonging the duration of the treatment resulted in 
increased injury. Herbaceous species appeared to be more 


susceptible to lesion injury than conifers. 


Irving (1978) investigated quantity of acidic rain 
required to produce injury in soybean. Simulated acidic 
rain solutions were applied to chamber grown plants in a 
quantity that ranged from 0.65 to 9.35 cm over 4 days. 


Test solution pH was either 5.6 or 3.0. Necrotic lesions 
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occurred after as little of 2.0 cm of the simulant at pH 


3.0. All plants were injured after 7.0 cm of this 


solution. Chlorosis was also observed. 


Hindawi et al (1977) misted greenhouse grown bean 
plants with a simulated rain solution acidified with 
H5SO4. Treatments lasting 45 minutes were applied weekly 
for 6 weeks. Harvesting occurred after 8 weeks. Injury 
occurred at treatment pH 2.5 and 2.0 but not at 3.0 and 
higher. Symptoms consisted of bronzed spotting to 
bifacial necrotic pitting. Decrease in chlorophyll 
concentration and dry weight occurred with increasing 
treatment acidity. Foliar concentrations of N, P, Mg and 
Ca declined with increasing treatment acidity, K was 
unchanged and S accumulated. (S accumulation was 
observed when treatment frequency was 5 times per week.) 

NY 

Perhaps the most comprehensive investigation 
conducted to assess injury susceptibility and yield 
response to acidic precipitation solution was conducted 
at the Corvallis (Oregon) Environmental Research 
Laboratory (Lee et al 1980). Thirty-five cultivars of 
crop plants were grown in field chambers. H2504 
acidified simulated rain solutions were applied at a rate 
Of 6.7 Mm/nr., L.5 hrs/day tand) 3 days/wk. Date of first 
occurrence of injury was noted and yield and leaf area 
injured assessed at harvest. Of. the. 35° cultivars; used, 


31 were injured at pH 3.0, 28 at pH 3.5, and 5 at pH 
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4.0. Yield data was generated for 84 treatment combina- 
tions; 28 cultivars grown to maturity, multiplied by the 
3 acid treatments. Of these, 32 combinations had neither 
yield effect or injury, 30 combinations had injury 
without yield effect, 6 combinations had yield effects 
without injury and 16 combinations had both yield effect 
and injury. Yield was enhanced in 7- and reduced in 9 of 
the 46 combinations showing injury. Yield reduction does 
not necessarily follow injury. Monocotyledons as a group 
were less susceptible to injury. Yield inhibition 
occurred only in,dicotyledons. The variable response of 
different crop species to identical treatments with 
acidic rain solutions was demonstrated in these 


experiments and is of special interest. 


Vegetation other than vasular plants has been 
investigated with respect to acidic precipitation. 
Sheridan and Rosenstreter (1973) treated moss (Tortula 
nuralis) witthvaysulphuricacidymist')( pH range tlm omtce 
6.0). Treatments occurred every 48 hours for 8 treat- 
ments. Chlorophyll content declined with increasing 
acidity with rapid decline below pH 2.0. Chlorophyll a 
was preferentially degraded. This was accompanied by a 
decline in photosynthetic rate. Respiration rate 


declined only below pH 2.0. 


Lichens are frequently cited as sensitive to air 


pollution, especially SOj. Robitaille et al (1977) 
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working in the vicinity of a copper smelter concluded 
that stemflow acidity is only second to SO2 as an agent 
responsible for the lack of lichens near sources of 


acidic air pollution. 


Plants such as mosses and lichens, which have a 
significant dependence on the atmosphere for nutrients, 
may be especially sensitive to acidic precipitation. 
These plants would not have the luxury of soil 


neutralizing their supply of nutrient solution. 
14.3 Other Effects 


Fertilization may be affected by acidic solutions 
contacting the gametes. In plants such as bracken fern, 
the spermatazoids require a moisture film to reach the 
archegonia. Evans and Bozzone (1977) examined the 
effects of acidic solutions on reproduction in bracken 
fern. The acidity of the test solution was maintained by 
a citrate-phosphate buffer. Motility of spermatazoids 
was found to decline when acidity increased. The 
percentage of sperm motile after a 2-4 minute contact 
with the test media was as follows; 65% at pH 5.8, 2.2% 
at pH 4.2 and 0% at pH 3.2. Fertilization success as 
measured by number of sporophytes produced was reduced as 
a result of sperm immobilization. Addition of sulphate 
further suppressed sperm motility and fertilization. 
Subsequent experiments (Evans and Bozzone 1978) showed 


that NO3_ and C1 ions had effects similar to SO4=. 
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Kratky et “al (1974) “investigated the cause of seed= 
less tomato fruits in the vicinity of a degassing volcano 
in Hawaii. Pollen germinated in distilled water but not 
in vainwater that had a pH of 4.0... .Dilutelncl s(pHe4nes 
greatly reduced germination, however, neutralizing the 
rainwatermiwith mNaOHisto pH 5.17: drdsnot 2amprovesongpollen 
germination. Organic compounds in the rain were 


suspected as causal agents for the inhibition. 


Masaru et al (1980) tested the effect of acidity on 
pollen tube elongation in Camellia pollen. Tube elonga- 
tion was suppressed when the pollen was sown on to sugar 
andmagar plates with a pH of less than 3.2. “Tests swith 
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Shriner (1978) examined the effect of spraying crop 
plants with acidic solutions on pathogen infection. 
Several host-pathogen systems were investigated and 
results were variable. While acidic solutions may 
predispose some plants to pathogen infection, the acidity 


may also reduce the virulence of the pathogen. 


Shriner (in press) noted reduced nodulation in 
leguminous plants when treated with an acidic rain solu- 
tion. While soil acidification can account for this 
reduced activity of Rhizobium, it was noted that nodula- 
tion was also reduced in treatments where only the 
foliage was sprayed (i.e., soil covered). Repeating acid 


exposures further reduced nodulation. 
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Finally, while erosion of leaf cuticular waxes is 
cited as one of the potential adverse effects of acidic 
precipitation, it is notable that such could not be 
detected in conifer needles subjected to a pH 2-5 
simulant in the Norwegian SNSF experiments (Horntvedt et . 


al 1980). 


14.4 Summary 


While there is a considerable evidence of 
deleterious effects to vegetation resulting from acidic 
precipitation; such evidence comes almost exclusively 
from experiments. In such treatments, the pH of, the 
simulant required to produce an effect is usually far 
below that which is encountered under ambient condi- 
tions. It should be noted that there is no conclusive 
documentation of any direct effects on vegetation 
occurring in the field as a result of exposure to 


ambient, region-wide acidic precipitation. 


In experiments where the simulant approaches the 
acidity of ambient rain (pH 4.0) the injury to the crop 
plants was very slight (Lee et al 1980). It is unlikely 
that it will be possible to detect injury as a conse- 
quence of rainfall acidity in nature at the present 
time. The acidity is insufficiently high and observa- 
tions are complicated by the variety of other causal 


agents, both anthropogenic and natural. 
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While leaching of foliage constituents will be 
accelerated by an over-abundance of H+ ions in the 
leaching solution, the net effect of this may simply be a 
higher rate of recycling of available nutrients to the 
soil. Measurements of throughfall in regions subjected 
to acid rain are difficult to interpret. Dry deposited 
gases and particulates will be indistinguishable from 
leached components and, of course, there is the problem 


of controls in such field investigations. 


Direct deleterious effects on vegetation as a result 
of acidic precipitation may well be occurring. It will 
require continued research to reveal the degree of risk 
at current levels of acidity, the threshold for these 
harmful effects, and the benefits, if any of reductions 
in acidity of precipitation. The indirect effects, those 
mediated through the degradation of soil quality may be 
of primary concern if acidic precipitation continues for 


many decades. 
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15. TRANSBOUNDARY AIR POLLUTION 
DIRECT EFFECTS OF 


ACIDIC PRECIPITATION ON SOILS 
ite Sg Introduction 


Long range transport of air pollutants such as 
sulphur dioxide and nitrogen oxides have lowered the pH 
of precipitation in North America. The pH of rain in 
equilibrium with atmospheric C05 is approximately 5.6. 
In Ontario the average pH of the rain is 4.2, however 
episodes have occurred with acidity levels as low as pH 


Se ie 


Soil is an extremely complex entity and its 
development involves climatic factors and microorganisms, 
as well as relief and water regimes acting through time 


on geological material. 


The direct effect of air pollution, in the form of 
acidic precipitation on soil, will be discussed with 


regard to: 


I experimentation on soils in the field or laboratory 
with simulated acidic precipitation; 


II the effects of acidic precipitation on local soils 
from a point-source; 


III changes in the soil caused by acidic precipitation 
in nature; 
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IV models and pedological theories with regard to 
acidic precipitation. 
A summary of the research to date will conclude the 


report. 


bS Experimentation with Simulated 
Acidic wrecip ivat Lon 


Saas Cation Leaching 


Overrein (1972) exposed a 40 cm deep podzolic forest 
soil to 500 mm/mo simulated acid rain (pH 2.0-6.0) ina 
series of lysimeter investigations. After 40 days a 
steadily increased leaching of Ca became apparent when 
water at pH 4.3 was applied to the soil in contrast with 
the control (distilled water), which showed a low 
constant rate of leaching. Overrein found only slight 
increases in leaching at pH's greater than 4.0 on several 


soil types. Below pH 3.0 leaching was rapidly increased. 


Wiklander (1973/74) has found, through experimenta- 
tion, that acidification of soil caused base saturation 
to decrease markedly. Wiklander believes that the 
replacement of base cations is caused by H30t in the 
infiltrating precipitation. In another experiment 
Wiklander (1975) leached a podzol with an H2S0q4 solution 
of pH 3.56 from below, at 6 ml /cm? per hour. The experi- 
ment included treatments with H950,4’and neutral salts as 


well as salt solutions without H2504° It was found that 
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salts in the leachate caused a decrease in soil pH 
indicating replacement of H+ and Alt from the soil and a 


decrease of the net loss of Ca and Mg compared to H2S0,4.- 


In their experiments in Norway, Abrahamsen et al 
(1976) found that increasing the acidity (pH 6.0 to 241s) 
of the simulated acid rain in field plots reduced the 
content of exchangeable metal cations and the base 
saturation in the top (organic) layers of podzol soils. 
Less podzolized soils were influenced less by acid rain. 
In a 1977 report Abrahamsen et al again stated that 
simulated rain of pH 3.0 resulted in a significant reduc- 
tion of base saturation. Acid rain applied at the rate 
of 25 mm/mo to lysimeters increased the leaching of Ca 


and Mg. 


Tamm et al (1977) installed lysimeters in a sandy 
soil and applied 4 treatments to them (plus a cCoOneroL, 
contents unknown): 100 kg H2S04/ha, 120 kg N/ha, 40 kg 
P/ha, 76 kg K/ha and combinations of these treatments. 


Sulphuric acid increased the leaching of the cations. 


Wood and Bormann (1977) applied simulated acid rain 
to a sandy loam soil once a week. Leaching of Mg and Ca 
steadily increased with "rain" acidity through the pH 
range 5.6-2.3 K losses did not increase until the .xain" 
pH was lowered to 3.0 and 2.3. Declines in exchangeable 


K, Mg and Ca were measured at pH 3.0 and below. Greatly 
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depleted levels of exchangeable cations were found at pH 


Lion 


A lysimeter study plot in a Douglas-fir ecosystem 
was leached with aliquots of HjS0O4 ranging in concentra- 
tions from 10 to 1000 times higher than natural rainfall 
(Johnson and Cole, 1977). The data showed that the 
ecosystem had the ability to buffer and moderate cation 


losses from heavy loads of HjS04 Over short periods. 


A mixture of 1:1:l1 calcareous soil, sand and manure 
was irrigated with "rain" of pH 3.1 and 3.5 (HzS0O4 added 
to deionized water) and a control (deionized water) 
(MatZures; and’ Nakos:,. -97S.)-. -a0O.mm. simu Lated-wacidastain 
was applied monthly for a year. Ca decreased to 17 
meq/10.0..g..(pHs3i1)) from, lL 8ameq/l0 dug a(control wi jaa 


and K changed even less. 


Roberts et al (1980) set up an experimental field 
site’ ona podzol soil in-a pine forest in ‘central 
England. After applications of 25 and 50 kg S/ha/ann. as 
HoSOq4 (pH 3.1 and 2.7) for 5 months no effect on the rate 


of Ca, Mg, Na and K leaching from the soil was observed. 


After experimentation with H39SOq4 and soils Johnson 
(1980) “Found “that."catton leaching from soilsedue, to 
sulphuric acid inputs cannot occur unless sulphate is 


mobile in the soil or it displaces another anion that is 
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mobile in the soil. Singh et al (1980) came to a similar 
conclusion after watering lysimeters with simulated rain 
with an ionic composition similar to Norwegian rain 
having pH 5.65 and 4.3 (H2S04). They found that the 
effect of the leaching ability of acidic precipitation on 
the removal of Ca, Mg, Mn and Al was ine pronounced in a 
semi-podzol than in the iron podzol. SO, adsorption 


regulates the cation removal from the soil profile. 


1ba2e2 Decreases in Soil pH 


Based on experimental data, not outlined, Wiklander 
(1973/74) feels that soil pH should decrease markedly due 
to acidic precipitation. In 1975 Wiklander leached a 
podzol with H S04 (pH 3.56). It was found that the salts 
in the percolating solution caused a decrease in pH in 


the leachate. 


Malmer (1976) in his review of Scandinavian research 
is not surprised everyone finds pH decreased in experi- 
ments using simulated acid rain. He stresses that the 
amount of acid used in experiments are usually greater 
than what are found in nature and the time period of 


experimentation is shorter. 


Abrahamsen et al (1976) found that increasing the 
acidity (pH 6 to 2.0) of simulated acid rain in field 
plot experiments reduced the pH of podzol soils. Less 


podzolized soils were influenced less by acid rain. 
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After leaching a sandy-loam soil with artifical acid 
rain for 20 weeks, Wood and Bormann (1977) found marked 


sOil pH declines with pH treatment 2.3. 


Matziris and Nakos (1978) found after leaching man- 
made soils with pH 3.1 and 3.5 (HzSO,4 and deionized 
water) that the pH of the original soil-manure mixture of 


724 did not change. 


Rippon (1980) found a tendency toward soil pH reduc- 


tion after leaching soil with sulphuric acid (pH 3.0). 


deb 2 Mobilization of Soil-Bound Metals 


(AL, he,4 Miu etc.:) 


In his 1975 experiments Wiklander found that the 
release of Al and Fe from a podzol was about the same in 
a series with H5SO4 “(pH 3.56) and salts as in “the series 


with only salts. 


Tamm (1976) in a literature survey found that many 
experiments had shown that release of Al and heavy metal 


ions occur with increasing acidity. 


Abrahamsen jet. al.,.(1976,); found in their lysimeter 
studies that in the podzol-brown earth soil net losses 
were found for Al, along with Ca and Mg. In the podzol 
lysimeter net losses were additionally found for Fe, Mn 


and also K and Na. 
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Dickson (1978) presents findings of a study done by 
Wiklander in which 100 kg of H2SO4 per hectare were added 
to a lysimeter for 5 years. The concentration of Al in 
the leachate increased to more than 1 mg/l but was only 


0.2 mg/l in the non-treated soil water. 


H5472;.14 Changes in Soil Microorganisms 


Crowther and Ruston (1911-12) added rainwater acid- 
ified with H2S04 to a mixed soil. They found that the 
total number of bacteria diminished rapidly with increas- 


ing acidity. 


Abrahamsen et al (1976) found in their simulated 
acid rain experiments that the various acid treatments 
did not influence the total abundance of enchytraeid. 
Different species, however, seem to respond differently 
to the various acid treatments. Results from the podzol 
experiment (1976) indicated an enchytraeid population in- 
crease when the amount of H+ ions applied increased from 
0.5 me to 55 me. Further application decreased the popu- 
lation density. In the podzol-brown earth soil no effect 


was observed. 


Tamm et al (1977), after leaching soils in Sweden 
with acids and salts, found that an acidification of soil 


decreases microorganism activity. 
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Alexander (1980) concluded from experiments with 
acid, which were not described, that the total bacterial 
community is reduced with decreasing soil pH as are 
individual physiological groups. The actinomycetes, 
which taxonomically are considered to be bacteria, are 
generally less abundant as pH falls. The relative abun- 
dance of fungi rises, an increase that may be associated 
with the lack of competition from other heterotrophs at 


the lower soil pH level. 


In a continuation of their 1976 research, Abrahamsen 
et al (1977) found a number of enchytraeids in a podzol 
increased after acidification with groundwater and 
sulphuric acid. Mesostigimata tended to be reduced by 
acidificiation while Brachychthoniidae appeared to 


increase. 


Rippon (1980) leached 50 soils with distilled water 
and sulphuric acid (pH 3.0). Preliminary results from 
the pot studies showed no significant change in bacterial 


population. 


Baath et al (1980) added 50 and 150 kg H2804/ha/yr 
to an iron podzol in Sweden. Preliminary results in- 
dicate a decrease in the "active" fungi mycelium in the 
acidified plots. The bacterial biomass demonstrated 
similar changes with a more pronounced decrease than 
fungi. Most of the species of enchytraeids showed no 


significant change. However, Trachytes and Oppia 
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obsoleta decreased slightly while the dominant _Collembola 


species increased in the acidified plots. 
ls ares Decrease in Nitrate and Nitrification 


Crowther and Ruston (1911-12) found that increasing 


soil acidity led to a decrease in the nitrite content. 


Hovland and Ishac (1975) of the SNSF group irrigated 
a Rees on arth simulated acid rain pH 5.6, 4.0, 3.0 
and lime. Samples were analyzed for NH4, NOg and NO3.- 
Nitrifying microorganisms were found in all soils whether 
limed or not. Nitrification only took place in humus 


samples from limed plots. 


Alexander (1980) found that, generally, nitrifying 
bacteria are very sensitive to acidity. Their activity 
level falls rapidly with a decrease in pH and is 


undetectable below pH 4.5. 


Is Pear Decrease in Soil Respiration 


Tamm et al (1977) found from incubation studies on 
podzol soils that a depression of the release Of COs 
occurred when either H7S0O4 or powdered S was added to the 
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Rippon (1980) on the other hand found no significant 
effects on CO2 evolution after leaching soil with H S04 


(DOH 20). 


53.251 Destruction of Soil Organic Matter 


Schnitzer (1980) in experiments with unspecified 
acid loadings on soil found that the structure of fulvic 
acid changed at a low pH. Schnitzer noted that he could 
foresee severe soil degradation under very high inputs of 
acidic precipitation. A soil pH 2-3 would be necessary 
to achieve severe leaching of fulvic acid. Humic acid 


would not be so affected because they are insoluble at 


low pH's. 

uses: Effects of Acidic Precipitation 
from a Point-Source on Local Soil 

TS i63 o4. Cation Leaching 


Experimental sites were located at varying distances 
from SO z sources in Alberta CBaker etGral, L9G). 
Exchangeable bases were low in soils suspected of SO> 


contamination. 


Hutchinson (1980) examined the soils near Smoking 
Hills in the Canadian Arctic and at Sudbury,, Ontario. At 


Sudbury the soils had low Ca concentrations in the 
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leachates. Following rains, high concentrations of Ca, 
Mg and Mn, Fe, Al and Zn were present in runoff and in 
tundra ponds in the acidified area near Smoking Hills. 
These elements have apparently been mobilized at low soil 


pH's. 


1563.2 Decrease in Soil pH 


In Alberta in 1972 Nyborg et al (1973) exposed top 
soil from a Gray Luvisol to S emitted near the Shell 
water and gas plant for 1 year. Soil pH was determined 
from 1 to 3 cm depth. A Dark Brown loamy soil was also 
examined for 4 months only. The pH of the Gray Luvisol 
was an average of 0.1 pH units lower downwind from the 
plant compared to those soils not downwind. The Dark 
Brown soil near the plant had a pH 0.06 units lower than 
soil farther away from the S source. Results of an 
expansion of this program in 1977 (Nyborg et al) 
demonstrated that pH of soil in an area over 1000 km2 
from the gas plant under closed canopy was depressed at 
least 0.15 units over 3 months. pH depression in the 
forested sites is only half as great as that in the 
prairie sites. The authors conclude that soils are 
slowly acidified by SO5 at a rate estimated at 1 pH unit 
in 10 to 20 years. Further experimentation near SO, 
sources in Alberta by Baker et al (1977) verified that 
SO» appears to be having an acidifying effect on soil 


solution at sites near major sources. 
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Hutchinson and Whitby (1977) studied Gray Luvisols 
near the Sudbury Smelter. They found increased acidity 
of the soil near the smelter (pH 3.0) and increased metal 
mobility. Further experimentation in the Sudbury area by 
Freedman and Hutchinson (1980) concluded there was no 
discernible distance to smelter related change in soil 


litter pH, mineral soil pH or base leaching. 


P5563 Mobilization of Soil-Bound metals 


(Al, Ee, etc; ) 


Hutchinson, and Whitby (1977)* attributed the 
increased soil metal mobility and solubility near the 
Sudbury smelter to increased acidity of the soil (Gray 


Duy PSO). 


Scheider et al (1979) state that Mn and Al are good 
indicators of watershed acidification since they are 
readily removed from the soils by acidic precipitation. 
Lakes near the Sudbury area Raceane concentrations of 
approximately 50 mg/l with probable background levels 
closer to 2-10 ug/l. Mn concentration in the lakes are 
greater than 200 ug/l while 3 ug/l is considered to be 


the background level. 


Hutchinson (1980) found that Mn, Fe, Al and Zn were 
present in high concentrations in runoff following rains 


and in tundra pools in the acidified area near Smoking 
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Hills. He summarizes that mobilization and speciation of 
metals in the soil appear to be strongly pH dependent. 
At lower soil pH's the residence times of metals in soil 


is much shorter relative to higher pH's. 


15.3.4 Change in Soil Microorganisms 


Soils in Alberta were sampled 1m and 200 m from 
elemental S$ in a stockpile and in a garden plot (Bryant 
et al, 1979). Significant reduction in bacteria were 


observed in acidified soils. 


In their examination of the soils near the Sudbury 
smelter Freedman and Hutchinson (1980) found that close 
to the smelter lower populations of soil microfungi and 


micro-arthropods occur... 


As reported by Linzon (1978), unpublished studies by 
Balsillie and Bisessar showed that the number of colonies 
of bacteria, actinomycetes and fungi in soil decreased 


with proximity to the Sudbury sulphur fume sources. 


15.3455 Decrease in Soil Respiration 


In their research on soil around an S stockpile in 
Alberta, soil respiration (CO9 evolution) was measured in 
a static system (Bryant et al, 1979). Soil (pH 6.8) 200 


m away from the S block showed reduced soil respiration 
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when artifically acidified to pH 2.9 but not as 
drastically as found in the long term pH 3. ORS0O1 aa 
garden soil (pH 7.7).was acidified to pH 3.2 and showed 
no reduction in total soil respiration rate. This is 
probably due to its physical structure and biological 


composition. 


Freedman and Hutchinson (1980) found that close to 
the Copper Cliff smelter lower rates of soil metabolism 


were prevalent. 


saya! Changes Found TmyoOL.s nN uNature 
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Dre atest Cation Leaching 


Soil weathering studies in the Hubbard Brook 
Ecosystem demonstrated that cationic denudation of the 
upland areas of New England does not appear to be unduly 
accelerated at the present time as a result of acidic 


precipitation (Johnson et al, 1972). 


In a 10 year (1931-1940) lysimeter study in 
Connecticut Na was leached completely from the soil 
(Frink and Voight, 1977). Mg also leached readily. Ca 
was leached in much greater amounts than those added. 
From 40-50% of the K was fixed in the soil and was not 


lost by leaching. 
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Mayer and Ulrich (1977) undertook an element balance 
investigation in a beech forest in Central Germany. They 
found that Na, K, Ca and especially Mg were leached from 


the soil due to natural acidic precipitation. 


Jeffries et al (1979) found that cations (Ca and Mg) 
in the podzolic overburden in Central Ontario were 


replaced by Ht. 


The chemical characteristics of a small stream, 
Falls Brook, in the Hubbard Brook Ecosystem were 
monitored for three years. Neutralization of acid rain 
is rapidly and largely (75%) accomplished in the upper 


soil by the leaching of bases (Johnson, 1979). 


Late Decrease in Soil pH 


Wiklander (1973/74) resampled an iron-humus podzol 
in Sweden that had been originally studied in 1934. SO1 | 
pH was determined with water, 1M KCl and 0.01 M Calo. 
Wiklander found no significant pH change had taken place 
in the last few decades. He concludes that increased 
deposition of S was apparently not sufficient to change 
stable acid conditions of Swedish podzols as registered 
by soil pH. Similarly Linzon and Temple (L950) an 
Ontario found little change in pH in podzolic soils in 


Ontario after an 18-year period (1960-1978). 


ae Ga 


In a 10 year lysimeter study (1931-1940) in 
Connecticut soil, pH decreased from 5.4 to 5.0 (Frink and 


Voight, 1977). 


Cole and Johnson (1977) attempted to monitor the 
effects of present levels of atmospheric sulphuric acid 
input on cation leaching in Washington state. A podzolic 
soil was monitored for pH beneath the litter layer and at 
the base of the A and B horizons. Data indicated that 
the precipitation pH frequently fell below 4, but the 
soil solution never fell below pH 5. Solution pH rose as 
precipitation passed through the forest canopy and forest 
floor. Incoming Ht is absorbed. in the forest floor so 
that novertect, of acidsrain. on, soil solution pea is 


detectable. 


15 2403 Mobilization of Soil-Bound Metals 


(Al Fe, etce,) 


From their study of a beech forest in Central 
Germany, Mayer and Ulrich (1977) found that the accumula- 
tion of Fe in the soil is balanced by the loss of Al and 


Mn. 


Dickson (1978) has found by studying Swedish lakes 
that there is a heavy leaching of Al from the soil in the 


watersheds under natural conditions. 


ee oe 


In a New Hampshire balsam fir forest, water sampjes 
were collected from four strata: bulk pation” 
throughflow, forest floor and Ay horizons by Cronan and 
Schofield (1979). It was found that H2SO4 was prominent 
in the precipitation and leaching of Al was pronounced in 
the soil profile. Dissolved Al was in: high concentration 
in the forest floor and continued to increase in 


concentration with soil depth. 


Scheider et al (1979) state that Mn and Al are good 
indicators of watershed acidification since they are 
readily removed from soils by acidic precipitation and 
are naturally low in the precambrian lakes of southern 
Ontario. Jeffries et al (1979) found that the cations in 
the podzolic overburden of Central Ontario, which are 


replaced by Ht, include Al and to a lesser extent Mn. 


Johnson (1979) reports on the three year monitoring 
of Falls Brook. The chemical data show that the 
neutralization of acid rain occurs in the uppér regolith 
by the dissolution of pre-existing Al hydroxide 


compounds. 


ca PAS yh 


DRS, Models and Pedological Theories 


on Acid Precipitation and Soils 


ao ARS yogi Cation leaching 


According to McFee et al (1977) 100 years of acid 
precipitation, (L000 lcm at’ pH 4.0) could be expecteasro 
shift the base saturation in the top 20 cm of a soil with 
Cation Exchange Capacity of 20 meq/100 g downward 205. LE 


there are no countering inputs of basic materials. 


Tamm (1977) explains that the input to the soi from 
acidic precipitation depends on the soil properties, 
particularly the amount of exchangeable cations in the 
soil. On the average, a soil with low base saturation is 
acid and a soil with high base saturation is neutral or 
alkaline. Tamm agrees with Wiklander's (1973/74) 
hypothesis that an input of more H* ions to an already 
acid soil means relatively small change and soils with 


high base saturation have large buffer capacities. 


Norton (1977) outlines the possible results of 


acidic precipitation on soil, they are: 


1. increased mobility of most elements. 


2. a general proportionate increase in the rate of 
removal of all cations from the soil. In initially 
impoverished or unbuffered soil the removal may be 


significant in the time scale 10-100 years. 


ae 


Reuss (1978) presents a model that calculates ion 
loss from soil as a function of soil properties and of 
the composition and distribution of rainfall. The 
initial results indicate that significant acidification 
and depletion of bases could occur over a period of a few 
decades if rainfall inputs are consistently acidified to 


pH 4.0 with sulphuric acid. 


Bache (1980) explains that some effects of 
acidification of soils are loss of base cations and 
reductions of cation exchange capacity. The exchange of 
Al3+, for Ca2+ and Mg2+, as well as the exchange of Ht 


for Ca2+ were considered in some detail. 


In a discussion of the effect of acidic precipita- 
tion on podzolization by increasing the thickness of the 
eluvial A horizons and further depleting surface soils of 
the nutrients. Petersen does not expect that it is 
possible as yet to make direct observations on the effect 


of precipitation on podzol development. 


gore oy Decrease in Soil pH 


McFee et al (1977) expect that acid precipitation of 
pH 4.0 could reduce the soil pH of the A horizon by 0.6 
units if no countering inputs of basic materials were 


present. 


=.20 Ogi 


According to Tamm (1977) if added H2S04 leaves the 
soils as gaseous H9S there is no net acidification, 
however if SO, ions are precipitated through the soil, 


acidification does occur. 


15 bs 8 Mobilization of Soil-bound Metals 


(Al, Fe, etc.,) 


The output of the model produced by Reuss (1978) 
confirms that as soil base saturation and lime potential 
fall to low levels acidic precipitation causes leaching 
of Ht and Al?+ ions rather than bases. These findings 


confirm Wiklander's (1973/74, 1980) theory. 


DES Saye Change in Soil Microorganisms 


Bache (1980) explains that changes in the soil 
biological activity are a major effect of acidic 
precipitation. Alexander (1980) states that nitrifying 
bacteria are very sensitive to acidity. The total 
bacterial community is reduced in abundance with lower 
soil pHs. Fungi, on the other hand, rise in number, as 
SOUL ipH. fialiis’. Alexander stresses that short term 
studies of any stress factor may be misleading because 


microorganisms may become acclimatized to changes in pH. 
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15.60 Summary and Conclusions 


Direct Effect on Soils 


Pedological theories and models (Wiklander, 1973/74; 
McFee, 1977; Tamm, 1977; Reuss, 1978; and Bache, 1980) 
Suggest that leaching of cations could occur in the soil 
over a few decades if the acidity of the rainfall is less 
than 4 and the soils are slightly impoverished and not 
strongly buffered. Experiments with simulated acid rain 
by Overrein (1972), Wiklander (1973/74) Abrahamsen et al 
(1976), Wood and Bormann (1977) and Tamm et al (1977) 
confirm these theories. Other researchers, however, have 
found moderate or no cation leaching when adding 
simulated acidic rain to soil (Matziris and Nakos, 1978; 
Johnson and Cole; 1977 and Roberts, 1980). Of course the 
results depend on the initial pH and buffering capacity 
of the soil as well as the pH of the simulated rain. 
Johnson (1980) and Singh et al (1980) have found that 
cation leaching from soils due to sulphuric acid inputs 
cannot occur unless SO4 is mobile in the soil or it 
displaces another ion that is mobile in the soil. Baker 
et al (1977) and Hutchinson (1980) found that cation 
leaching increased due to S pollution in local soils near 
the source. Johnson (1972) noted no cation leaching at 
Hubbard Brook under natural conditions. Jeffries et al 
(1979) found that some cations were leached from the soil 
in Central Ontario. However, Frink and Voight (1977), 


and Mayer and Ulrich (1977) claim they found cations were 


ee er 


leached from the soil due to natural acidic precipitation 
in Connecticut and Germany, respectively. No research on 
the natural leaching of cations due to acidic 


precipitation has been reported since 1977. 


McFee et al (1977) theorize that acid rain of pH 4.0 
could sceduce the "pH. im othe .topsoll.. slanmme( 1927) sadds ne 
H»SO4 leaves the soil as H5S there will .be no soil 
acidification, however, the soil pH will decrease Lt 504 
ions precipitate through the soil. In experiments with 
simulated acid rain Wiklander (1973/74), Malmer (1976) 
Abrahamsen et,al (1976), Wood and Bormann (1977) and 
Rippon (1980) all find that the soil pH fell when they 
added acidic simulated rain to soil. Matziris and Nakos 
(1978) found no change in the soil pH. Their original 
soil pH was above 7.5, however Nyborg et al (1973), 

Ny DOT gre tira (gy) je, atid Bakervet wat (LO) ) Uae le tected 
small decreases in soil pH (less than 1 pH unit) near § 
blocks in Alberta. Freedman and Hutchinson (1980) could 
find no discernible distance to smelter related change in 
soil pH at Sudbury. Wiklander (1973/74) in Sweden, Cole 
and Johnson (1977) in Washington State and Linzon and 
temple (1930)" in Ontario. coulda detect (little or mo change 
in soil pH due to present levels of atmospheric acidity. 
Frink and Voight (1977) claim to have detected a slight 
decrease (5.4-5.0) in,the pH in, Connecticut, soil under 


natural conditions. 


~ Goa 


The output of the model produced by Reuss (1978) and 
the theories put forward by Bache (1980) and Wiklander 
(1973/74) suggest that soil-bound metals, particularly Al 
will be leached from the soil as a result of 
acidification. Research using simulated acid rain by 
Wiklander (1975), Tamm (1976) Abrahamsen et al (1976) and 
Dickson (1978) all confirmed this hypothesis. Work near 
a S point source at Sudbury by Hutchinson and Whitby 
(1977) and Scheider et al (1979) found that Al and Mn 
were leached from the soil. Hutchinson (1980) found 
similar leaching of soil bound metals in the Arctic near 
the Smoking Hills. Even the research under natural 
conditions in Germany, Sweden, U.S.A. and Canada by Mayer 
and Ulrich (1977), Dickson (1978) Cronan and Schofield 
(1979) and Jeffries et al (1979), respectively, found 
that the mobility of Al and often Mn and Fe increased due 


to natural acidic precipitation. 


Bache (1980) and Alexander (1980) hypothesized that 
changes in the soil biological activity could be a major 
effect of acidic precipitation. Bacteria are reduced in 
number with lower soil pH's. Crowther and Ruston 
(1911/12) and Alexander (1980) found that the number of 
bacteria in the soil decreased when they added simulated 
acid precipitation to soil columns. Tamm et al (1977) 
discovered in Sweden that microorganisms activity 
decreased in artifically acidified soil. Abrahamsen et 


al (1976) found that various acid treatments did not 
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effect soil enchytraeids. Different species responded 
differently to various acid treatments. Bryant et al 
(1979) found that bacteria near a S$ stockpile in Alberta 
had decreased in number. Freedman and Hutchinson (1980) 
found that the soil microfungi and microarthropods 
population decreased close to the Sudbury smelter. No 
one has reported any research on soil microorganisms ie 
nature in regard to their response to natural acidic 


precipitation. 


Based on the research completed to date with 
simulated: acid. rainy. thesfindingsgan nature: and 
pedological theories one might expect that as the natural 
precipitation acidity reaches pH 4.0 and lower we could 
expect increased cation leaching in sandy soils that are 
moderately buffered, along with a decrease in soil pH in 
Ontario.” ~The’ acidifitcationy of) soil) wills cause.'hl sand 
other metals such as Mn and Fe to become more soluble and 
leach into the surrounding waters. Soil bacteria may 
reduce in number in acidified soils but fungi could 
increase their activity. Other changes such as reduction 
in ‘soil respiration, synitrification andyloss of) clay 


minerals may occur also with lower precipitation acidity. 


10. 
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16. CONCLUSION 


This submission substansiates Ontario's case before 
the United States Environmental Protection Agency that 
the Agency must consider the following points when 


dealing with interstate pollution abatement: 


is Multiple sources instead of sources on a 


singular basis. 


ae Multiple pollutants or co-pollutants instead of 


pollutants on a singular basis. 


Sie Secondary pollutants as well as primary 


pollutants. 


By properly and adequately addressing these points 
Ontario feels that the necessary first steps to deal with 
the problem of interstate pollution transport will have 


been taken. 
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APPENDIX 1 — 


THE PROVINCE OF ONTARIO 


A Submission to the | 

United States Environmental Protection Agency 
Opposing Relaxation of SO» Emission Limits in 
State implementation Plans 

and Urging Enforcement 


March 12, 1981 
Expanded March 27, 1981 


ini Hon. Keith C. Norton, 
itil Minister 
0 e Graham W. S. Scott, Q.C., 


Environment Deputy Minister 
Ontario ot: 


EXPANDED MARCH 27, 1981 


This submission to the U.S. Environmental Protection 
Agency iS an expanded version of Ontario's March 12, 1981 
document which opposes the proposed SIP emissions that would 


substantially increase SO, emissions at 18 power plants in 


Z 
six states and thereby, damage Ontario's environment. This 
expanded document now also addresses the Matter of Proposed 
Revisions to the Ohio State Implementation Plan, namely 
Sulphur Dioxide Emission Limits for the Eastlake and Avon 


Lake Plants of the Cleveland Electric Illuminating Company, 


Docket No. 5A-79-1. 


Ontario has decided to submit this expanded version, 
including all 20 plants, rather than make a separate submission 
concerning the two Cleveland area plants. Such a separate 
submission would have extensively cross-referenced the 
earlier document. By integrating the March 12, 198lfdata 
with new information pertinent to the cases, all evidence is 


hereby presented in a single document. 


BEFORE THE 
ENVIRONMENTAL PROTECTION AGENCY 


WASHINGTON, D.C. 


In the Matter of Proposed Revision to the Ohio State 


Implementation Plan: Ohio Sulphur Dioxide Control Plan 
(OAC Chapter 3745-18 Sulphur Dioxide Standards); and 


In the Matter of Proposed Revision to the Ohio State 
Implementation Plan: Sulphur Dioxide Emission Limit 
for the Toledo Edison Bayshore Plant; and 


In the Matter of Proposed Revision to the Ohio State 


Implementation Plan: Sulphur Dioxide Emission Limits 


for the Eastlake and Avon Lake Plants of the 
Cleveland Electric Illuminating Company; and 


In the Matter of Proposed Revision to the Illinois 
State Implementation Plan: Sulphur Dioxide Emission 
Limit for the Illinois Power Company Baldwin Steam 
Electric Plant; , and 


In the matter of Proposed Revision to the Indiana 
State Implementation Plan: Sulphur Dioxide Emission 
Limits for Major Coal-Fired Electric Plants and 
Non-Attainment Plan; and 


In the Matter of Proposed Revision to the West 
Virginia State Implementation Plan: Sulphur Dioxide 
Emission Limit for the Ohio Power Company Kammer 
Plant; and 


In the Matter of Proposed Revision to the Tennessee 
State Implementation Plan: Sulphur Dioxide Emission 
Limit for the Tennessee Valley Authority Kingston 
Plante ana 


In the Matter of Proposed Revision to the Michigan 
State Implementation Plan: Sulphur Dioxide Emission 


Limit for the Consumers Power Company Cobb Plant; and 


In the Matter of Approval of Revision to the Michigan 


State Implementation Plan: Sulphur Dioxide Emission 
Limit for the Consumer Power Company J.H. Campbell 
ea Ree in ee 


Docket No. 
5A-80-3 
Docket No. 
5A=7 5-6 


Docket No. 


5A= 1 oe 


SUBMISSION OF THE PROVINCE OF ONTARIO URGING 
DISAPPROVAL OF PROPOSED REVISION OF STATE 
IMPLEMENTATION PLANS AND URGING RECONSIDERATION 


OF APPROVED REVISIONS AND COMMENTS 


Submitted by: 


J. Neil Mulvaney, Q.C. 
Director 

Legal Services Branch 
Ministry of the Environment 
of the Province of Ontario 
135 St. Clair Avenue West 
TORONTO, Ontario 

M4V 1P5 


- and - 


Donnelly W. Hadden 

Attorney & Counselor at Law 
135+Grasewold-Street 
Detroit, Michigan, 48226 


For further information contact 


Mr eke. “Wi. ¢Paiche 
Coordinator, Acidic Precipitation 
in Ontario Study 
Ministry of the Environment 
of the Province of Ontario 
TORONTO, Ontario 
M4v 1P5 
March .12:% 1931 Phone: 416-965-2214 
or 965-2440 


(Expanded: March 27, 1981) 
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BEFORE THE 
ENVIRONMENTAL PROTECTION AGENCY 


WASHINGTON, D.C. 


a 


INTRODUCTION 


The Province of Ontario urges the Environmental Pro- 
tection Agency (EPA) to disapprove any proposed revisions to 
State Implementation Plans in these proceedings which would 
lead to increases in allowable sulphur dioxide emissions 
from the power plants which are the subject of these proceedings. 
Where revisions have been approved by EPA, Ontario urges 
that these be reconsidered and no revisions be allowed which 
would lead to increased SO, emissions. Ontario also makes 


2 


comments in these proceedings. 


Ontario seeks the results urged by it on the basis of: 


(a) Rights conferred by accords 


(b) Principles of international law; and 


(c) sbSection/ 115®0£&%thetCGlean tAir2Act. 


Ontario says that the power plants subject to these 
proceedings significantly contribute to acid deposition in 
Ontario. Current levels of deposition already result in 
harmful effects on Ontario's lakes and aquatic life as 
documented in Chapters 5, 6 and 7 and, hence, on the well- 
being of its residents. Ontario submits that any increase 
in SO, emissions from these sources will further impair the 
Ontario environment and should not be approved. In addition, 
other links between SO, deposition and damages to terrestrial 
ecosystems and man-made structures have been identified by 
researchers in several jurisdictions. Ontario has initiated 
a program of studies to determine the nature and extent of 


these effects, although results of these studies are not yet 


available. 


Ontario also urges the EPA to vigorously enforce 
existing SO. emission standards. Our position is based on 


international legal principles. 


No adequate evaluation has been made by EPA in these 
proceedings of the long range transport of pollutants to 
enable an assessment of the effect on Ontario of the increases 
sought. If EPA does not now disapprove the SIP relaxations, 
it should, prior to making asdecision; preceedotoscarry out 
an evaluation of the cumulative impact of the revisions on 
Ontario and other provinces. Further, EPA should include 
the cumulative impact on Ontario in its evaluation of any 
other SIP revision it may be called on to consider. Ontario 
submits that this can only be accomplished by consolidation 


of proceedings. 


BACKGROUND INFORMATION 


2.1 Ontario's People and Environment 


The province of Ontario is Canada's second largest 
province. It covers 344,092 square miles, stretching from 
the Great Lakes and the St. Lawrence River to the shores of 
Hudson's Bay. It has approximately 35% of Canada's total 
population; that is, 8.5 million people concentrated primarily 
in the urban centres of the south. The location of Ontario 


relative to the U.S. is illustrated in Map 2.1. 


Ontario has a vital, thriving and diversified economy, 
much of which is dependent upon the province's natural 
resources. Parts of this resource base are known to be 
adversely affected by acid deposition. The deterioration or 
loss of these resources will undermine a significant proportion 
of Ontario's regional economies, and cause the loss of jobs 


and incomes. 


The aquatic based tourism and outdoor recreation 
sectors are significant to Ontario's economy, accounting for 


nearly 10% of the province's economic base. These activities 
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Map 2.1 The Province of Ontario, shown relative to the Eastern part of the U.S. The shaded areas approx- 
imate environmentally sensitive terrain with lakes susceptible to precipitation acidity. The bulk 
of this terrain lies on the geological formation known as the Canadian Shield. 


Estimated No. of Lak 


Total No. Percentage Sensitive Based 
Code of Lakes Sensitive on Estimate 
1 40,589 50% 20,295 
2 76,728 20% 15,346 
3 64,133 20% 12,827 
TOTALS 181,450 48,468 


generate direct expenditures, conservatively estimated at 
$900 million in 1980. The importance of these sectors is 
even greater when indirect expenditures are taken into 
consideration, and when their net present value is calculated 


over the period to 2001. 


In the sensitive shield area of the province (see Map 
2,1)\) tourism and recreation. account for up to 20% of some 
regional economies. This percentage 1c All Ehe more SbonLriacanc 
due to the seasonal nature of the activities. The present 
and potential extent of biological damage to lakes and 
rivers supportive to these activities has not been fully 
defined, but on the basis of the latest data, indications 
are that 20% to 50% (36,300 to 90,756) of the lakes in tase 
important recreational areas are sensitive to the effects of 


acid deposition. 


The Muskoka-Haliburton area (Code 1, Map 2.1) is a 
prime recreation area for both Ontario residents and tourists. 
This area is particularly sensitive to acid deposition and 
currently receives a heavy acid loading from the atmosphere. 
This region is adjacent to the highly urbanized areas to the 
south. Its lakes, rivers and wilderness serve as the base 
of a very large tourism and recreation sector. The more 
remote northern areas are even more important as tourist 


vacation areas. 


In summary, much of Ontario's economy is dependent on 
the province's rich natural resource base. The lakes and 
wilderness are a large but threatened resource, as the 
documented evidence in Chapter 6 on aquatic ecosystem effects 
indicates. The province has nearly half a million lakes, of 
which some 180,000 are located in the geological areas most 
sensitive to the effects of acid deposition. These physically 
sensitive areas lack the natural ability to neutralize acid 


deposited from the atmosphere. 


Our research has developed strong linkages between acid 
deposition and its effects on the aquatic resource base, and 
between this pace and the seine las and economic value of 
the tourism and outdoor recreation sectors. The relationships 
in other areas such as terrestrial systems are less well 
documented but preliminary evidence suggests that acid 
deposition has detrimental effects on these resources which 


will adversely affect the provincial economy. 


2.2 Sources Subject To These Proceedings 


A total of twenty fossil fuel-fired thermal generating 
stations in six states are the subject of these proceedings. 
They vary considerably in terms of size, load factor, sulphur 
content of fuel and SIP sulphur dioxide limits. These data 
for each plant are summarized in Table 2.1 while Map 2.2 


shows their locations. 


Together, these plants account for about 19,700 megawatts 
(MW) of electrical power generating capacity, approximately 
19% of the region's total capacity. The proportion of 
capacity which these plants represent varies from state to 


state from about 5% to 37%, as shown in Table 2.2. 


Utilities throughout the United States are a large and 
significant contribution to total sulphur dioxide emissions. 
Data for 1978 and 1979 summarized in Table 2.3 indicate that 
utilities account for 67% to 92% of the total state emissions 


for the six states in which the 20 power plants are located. 


The sulphur dioxide emissions from these states total 
BS epeecina very nine million metric tons (i.e. tonnes), or 
roughly 40% of the U.S. total sO, emissions. All utilities 
in these six states contribute 7.2 million metric tons to 
this total. This represents about 78% of the region's total 


sulphur dioxide emissions which is considerably higher than 


the national average. 
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Map 2.2 Location of the sources which are the subject of these proceedings. 


ILLINOIS MICHIGAN TENNESSEE 

1) Baldwin 10) Cobb 19) Kingston 
11) Campbell 

INDIANA OHIO WEST VIRGINIA 
2) Clifty Creek 12) Muskingum 20) Kammer 
3) Tanners Creek 13) Cardinal 
4) Michigan City 14) Beckjord 
5) Culley 15) Poston 
6) Bailly 16) Bayshore 
7) Stout, Elmer W. 17) Avon Lake 
8) Warrick 18) Eastlake 


9) Mitchell, Dean H. 


TABLE 2.2 


Thermal Power Generation 


Re Ot 


Map 2.2 
Total State Power Plants' State's 
State Capacity (MW) Total Capacity Capacity 
by State (MW) 
Illinois 23¢4820 1,892 8.06 
Indiana £651.60 5,954 36.04 
Michigan P5506 Lid 60 oe 
Ohio 25% 145 8 La. Slee & 
Tennessee 135,086 lye OD L407 
West Virginia 12,500 675 see! 
DO is i 


Regional Total 106,923 90 0 6 


Source: Inventory of Power Plants, U.S. 


Department of Energy, April 1979. 


SO, EMISSION BY STATE IN 1978 and 1979 


2 
Total State T9495 OA. 
Emissions, 1978 Utility 
(thousands of Emissions 
metric tons) (thousands of 
metric tons) 
Illinois a5 Ooo POS 225 
Indiana 1767 Oe Li 3993 
Michigan LO 676.3 
Ohio 2; 826.2 2302 «4 
Tennessee L, OS 49 814.9 
W. Varginia Ss pain 875.3 


REGIONAL TOTAL 9,109.0 


rh SOs. 


* 1979 total State emission data not available; 
1978 emissions are assumed to be sufficiently 


similar to 1979° ror this = purpose’. 


L2 


Utilities 
AS ase.) OL 
State's 
Total 


Many of the power generating plants which are the 
subject of these proceedings are located in or near 
large urban areas in the U.S. midwest, and the plants 
service their regional residents and industries. The 
cities of Cleveland, Gary, Cincinnati, Evansville, 
Toledo, Indianapolis and Grand Rapids are the centres 
of major manufacturing industries, primarily metals 
related: iron, steel, aluminum, and machinery and 
automobile parts. This area is a very heavily in- 
dustrialized and populated region of the United States. 
As an example of activity in the vicinity of each power 
plant, Table 2.4 presents some information for those 
counties in which the 20 generating stations are 
located, and indicates the magnitude of the manufacturing 
Sector. The data on value of industrial shipments 
indicates the economic importance of metals processing 
(iron, steel and non-ferrous metals); automobile parts 
manufacture (engines, bodies, carburetors); and 


machinery (farm, valves, pumps, and petroleum refining). 


It is recognized that these industries constitute 
a Significant part of the economic base of both this 
region as well as other parts of the United States. 
These industries are generally large consumers of 
electrical power, generated in part by the 20 power 


plants which are the subject of these proceedings. 
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However, the need to protect Ontario's environment and 
the eAudeoknens of several northeastern states is urgent, as 
we will show in Chapters 5 through 7. A ranking of Ontario's 
coal-fired plants and U.S. plants in the eastern states, 
which are the largest emitters of SO, (see Table 2.5), and a 
ranking of the "cleanliness" of eastern U.S. and Ontario 
plants in terms of pounds of sO. emitted per million BTU 
(see Table 2.6) shows that several of the 20 plants in these 
proceedings are already in the rankings, for example, the 
Muskingum, Ohio plant, the Clifty Creek, Indiana plant, the 
Baldwin, Illinois plant, the Eastlake, Ohio plant, the 
Kammer, West Virginia plant, the Beckjord, Ohio plant and 
the Avon Lake, Ohio plant. Furthermore, if the proposed 
relaxations occur, several of the above plants would then 
move up in the rankings and some plants not currently in the 
emitted SO. tonnage rankings would then be included, for 
example, the Tanners Creek, Indiana plant, the Kingston, 
Tennessee plant, the Warrick, Indiana plant, and the Michigan 


Grtyrs Indiana: plant. 


While these examples illustrate the larger increases 
proposed, it is the position of the Ontario Government that 
it opposes the relaxation of any existing laws, standards, 
or regulations. The Ontario Government also opposes any 
failure to enforce existing laws, standards, or regulations 
which result in increased SO, emissions. All emissions of 
so, produce a cumulative and damaging effect to the environment 


encompassed by the regional airshed which Ontario, the 


midwest, and the northeastern states all share. 


RANK 
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TABLE 2.5 


TOP 50 COAL-FIRED POWER PLANTS RANKED ACCORDING TO TOTAL SO., 


PLANT 


PARADISE 
MUSKINGUM 


GAVIN 


CUMBERLAND 


MONROE 


CLIFTY CREEK 


GIBSON 
BALDWIN 
LABADIE 


KYGER CREEK 


HOMER CITY 
JOHNSONVILLE 
NANTICOKE 
GASTON EC 
MONTROSE 
HARRISON 
BRUNNER ISL. 


JOPPA STEAM 
MT. STORM 
PETERSBURG 
BECKJORD 


EMISSION IN 1979 


STATE 


KENTUCKY 


OHIO 
OHIO 


TENNESSEE 
MICHIGAN 


INDIANA 
INDIANA 


ILLINOIS 
MISSOURI 


OHIO 
GEORGIA 
OHIO 


WEST VIRGINIA 
PENNSYLVANIA 
MISSOURL 


OHIO 
ONTARIO 
GEORGIA 


PENNSYLVANIA 
TENNESSEE 
ONTARIO 


ALABAMA 


MISSOURI 
WEST VIRGINIA 
PENNSYLVANIA 
ILLINOIS 


OHIO 
OHIO 


WEST VIRGINIA 


WEST VIRGINIA 
MISSOURI 
ILLINOIS 
WEST VIRGINIA 


INDIANA 
OHIO 


COUNTRY 


e e 
e e 
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ESTIMATED SO., EMISSION 
THOUSANDS Or METRIC 
TONS 


Shea 
340.2 
339-65 
209.1 
264.9 
263.1 
20064 
PAS be | 
224.0 
205-0 
2026.0 
186.8 
186.2 
fo7o3 
164.0 
160.7 


“47> TANNERS CREEK 


— KINGSTON 


7 kciaenigualas te Cri. 
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TABLE 2.5 (continued) 
TOP 50 COAL-FIRED POWER PLANTS RANKED ACCORDING TO TOTAL S05 


EMISSION IN 1979 


ESTIMATED SO, EMISSION 


RANK PLANT STATE COUNTRY THOUSANDS OF METRIC 
: TONS 

46 AVON LAKE OHIO sine 98.0 

47 FORT MARTIN WEST VIRGINIA U.S.A. 94.6 

48 MIAMI FORT OHIO U.SsA. 94.2 

49 LAKEVIEW ONTARIO CANADA 91.4 

50 YATES ~ GEORGIA se oe 8.8 


POWER PLANTS WERE CONSIDERED FROM ONTARIO AND 32 EASTERN U.S. STATES. 
THE STATISTICS ARE FROM ONTARIO HYDRO AND THE U.S. DEPARTMENT OF ENERGY; 
THE ANALYSIS WAS PERFORMED BY THE ONTARIO MINISTRY OF ENVIRONMENT, AIR 
RESOURCES BRANCH. 


TABLE 2.6 
TOP 50 COAL-FIRED POWER PLANTS RANKED ACCORDING TO SO. EMISSION 


"CLEANLINESS" IN 1979 


MAXIMUM ACCORDING 


ESTIMATED TO STATE 
LBS. SO./ REGULATION 
RANK PLANT STATE COUNTRY MILLION BTU (LBS. SO.,/ 
MILLION &ru) 
1 MONTROSE MISSOURI U.S.A. 10.86 16.00 
2 MUSKINGUM OHIO oun. 8.72 6.48 
3 THOMAS HILL MISSOURI U.S.A. 7.85 16.00 
4  KAMMER WEST VIRGINIA Ousen, 7.24 3.20 
5 PARADISE KENTUCKY U.S.A. Ye22 5.20 
6 KINCAID ILLINOIS U.S.A. 6.94 6.00 
7  CLIFTY CREEK INDIANA U.S.A. 6.85 1.26 
8  COFFEEN ILLINOIS UvSvn. 6.78 6.00 
9 KYGER CREEK OHIO U.S.A. 6.50 8.20 
10 NEW MADRID MISSOURI USA. sy hs) 16.00 
11 CUMBERLAND TENNESSEE U.S.A. 5.71 5.00 
12 MITCHELL WEST VIRGINIA U.S.A. 5.39 S212 
13 JOHNSONVILLE TENNESSEE Urea. 5o45 1.20 
14 EASTLAKE OHIO U.S.A; 5.14 1.43 
15 CONESVILLE OHIO U.S.A. Sel 5.66 
16 GIBSON INDIANA U.S.A. 5.09 16.00 
17 BALDWIN ILLINOIS U.S.A. 5.08 1.80 
18  GAVIN OHIO UeScA: 4.92 9.50 
19 CAYUGA INDIANA U.S.A. 4.41 16.00 
20 GALLATIN TENNESSEE U.S.a% 4.38 5.00 
21 BIG BEND FLORIDA Oroi ne 4.26 1.50 
22 AVON LAKE OHIO U.S.A. 4.07 ds) 
23 BECKJORD OHIO U.S.A. 4.01 2502 
24 LABADIE MISSOURL UiSsA, 3.99 16.00 
25 HARRISON WEST VIRGINIA U.S.A. 3.93 4.11 
26 HATFIELDS PENNSYLVANIA U.S.A. 3.86 4.00 
27 MONROE MICHIGAN U.S.A. ee 5.60 
28 CONEMAUGH PENNSYLVANIA U.S.A. Sead 4.00 
29 SAMMIS OHIO U.S.A. 3.70 2.91 
30 LAMBTON ONTARIO CANADA 3255 - 
31 PETERSBURGH INDIANA U.S.A. 3.44 16.00 
32 JOPPA STEAM TLLINOIS U.S.A. 3.41 6.00 
33 BRUNNER ISL. PENNSYLVANIA U.S.A. 3.38 4.00 
34 SHAWNEE KENTUCKY U2SsAs Spee 1520 
35 MIAMI FORT OHIO U.S.A. | 3.34 3.30 
36 LAKEVIEW ONTARIO CANADA nyse - 
37 NANTICOKE ONTARIO CANADA 3.29 ~ 
38 WANSLEY GEORGIA U.S.A. 3425 N/A 
39 BOWEN GEORGIA U.S.A. 3.10 N/A 
40 Mf STORM WEST VIRGINIA U.S.A. 3.09 2.90 
. « econtinued/ 
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TABLE 2.6 (continued) 
TOP 50 COAL-FIRED POWER PLANTS RANKED ACCORDING TO SO. EMISSION 


"CLEANLINESS" IN 1979 


MAXIMUM ACCORDING 


ESTIMATED TO STATE 

LBS. 50.7 REGULATION 
RANK PLANT STATE COUNTRY MILLION BTU (EBS. S057) 

MILLION Aru) 

41 HOMER CITY PENNSYLVANIA U.S.A. S09 4.00 
42 CARDINAL OHIO U.S.A. 3.00 4.76 
43 GASTON EC ALABAMA U.S.A. 2695 1.20 
44 YATES GEORGIA U.S.A. 2693 N/A 
45 WIDOWS CREEK ALABAMA U.S.A. 2.88 1220 
46 FORT MARTIN WEST VIRGINIA U.S.A. 2.83 3220 
47 KEYSTONE PENNSYLVANIA U.S.A. Liw2 4.00 
48 MONTOUR PENNSYLVANIA U.S.A. Pee I 4.00 
49 STUART J.M. OHIO U.S.A. 2.04 Bag NS 
50 AMOS WEST VIRGINIA U.S.A. dor30 2.08 


POWER PLANTS WERE CONSIDERED FROM ONTARIO AND 32 EASTERN U.S. STATES. 
THE STATISTICS ARE FROM ONTARIO HYDRO AND THE U.S. DEPARTMENT OF ENERGY; 
THE ANALYSIS WAS PERFORMED BY THE ONTARIO MINISTRY OF ENVIRONMENT, AIR 
RESOURCES BRANCH. 
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ONTARIO SHOULD BE HEARD IN THESE PROCEEDINGS 


ONTARIO SHOULD BE BEANS 


As will be evident from the information set out in this 
submission, Ontario will be adversely affected by any decision 
of the Administrator which has the effect of increasing 
allowable SO. emissions. Ontario bases its claim to be 


heard on: 


(a) ocThe Administrative Procedure Act, 
(b) U.S. judicial decisions, 
(c) Section 115 of the Clean Air Act and, 


(da) International law. 


The petitions by New York were submitted pursuant to Se 
126 of the Clean Air Act. Ontario does not rely on S. £26 
as the right to petition conferred under that provision is 
limited to "any State or political subdivision" and does not 


include Ontario. 
3.1 The Administrative Procedure Act (A.P.A.) 
s. A(d) of the Administrative Procedure Act (A.P.A.) 


confers a right on an interested person to petition for the 


issuance, amendment or repeal of a rule. ((5 U. 5201 os 00919)? s 


Ontario complies with the requirements of the A.P.A. by 
submitting the instant submission and comments. Further, 


53U.S.C.S.5551b). provides anhupene, 


"So far as the orderly conduct of public 

business peunits, an interested person 

may appear besore an agency or 4ts 

nesponsrblLe empkoyees for the presenta- 

tion, adjustment, or deteunination of an 

ASbsUL, Nequest, or controversy in a 

proceeding, whether interlocutory, 

Summary, on othewise, or in connection 

uith an agency function.” 

As Ontario will be adversely affected by any decision 

which involves a relaxation of a SIP with respect to so, 
emissions, we submit that Ontario should, therefore, be 


heard in these proceedings. 


It has been held that approval of a SIP without permitting 
participation by interested persons was a violation of the 


ENE soit 


Buckeye Power Inc. v E.P-A., 481 F2d 162 
C6tHh SCs) 1973) 


In the Buckeye Power case three power companies protested 
that the Ohio and Kentucky SIPS were approved by the Administrator 
without permitting them to participate by notice and comment. 
Because the Administrator built no record, took no comments 
from interested parties and permitted no public participation 
in approving these plans, he violated $.553 of the A.P.A. 


Thereupon the court vacated the defective approval and 


remanded the case to the Agency for compliance. Since the 
ead Pamente for approval of a SIP Pavlstod under S.110(a) (3) 
of the Clean Air Act are the same as for approval of an 
initial plan ((S110(a) (2)), the Administrator must allow 


Ontario to participate in these proceedings. 
Jee) Decisions of°U.S.- Courts 


Further support for Ontario's claim to be heard in 
these proceedings may be found in opinions rendered by 
American federal appellate courts which permitted access by 
foreign parties to proceedings before U.S. administrative 


tribunals. 


Cia Mexicana de Gas, S.A. v. Federal 


Power Commission (Reynosa Pipe Line Co., 
Intervener), State of Texas et al. v. 


Federal Power Commission, 167 F.2d 804 
(5th Cir. 1948) 


Juarez Gas Company, S.A., Petitioner v. 
Federal Power Commission, Respondent, 
Southern Union Gas Company, Del Norte 


Natural Gas Company, Interveners, 
375-8 22a -595'* (DIC a -Cir. 1967) 


Both of these cases involve petitions by Mexican 
corporations seeking to review orders of the U.S. Federal 
Power Commission. The Mexican companies asserted that the 
granting of a certificate authorizing the export of natural 
gas to Mexico affected them as a competitor of the company 
to whom the certificate was granted. In each case, the 
Circuit Court of Appeals found that the Mexican companies 


were “aggrieved parties" within the meaning of the Natural 


PN mee 


Gas Act and proceeded to review the orders of the Federal z 
Power Commission. The courts approached the issue on the 
basis of whether the petitioner was "aggrieved" and thus 
entitled to participate in the proceedings. The test was 
whether the Mexican company might be adversely affected by 


the administrative procedure in question. 


Additional support for Ontario's position may be found 


in the judgement of the United States Court of Appeals in 


The Wilderness Society et al. (David Anderson and The 
Canadian Wildlife Federation), Appellants, v. Rogers C.B. 


Morton, Secretary of the Interior et ai. The case concerned 


the application of a Canadian citizen and a Canadian environmental 
organization to intervene in litigation aimed at testing 

whether the Secretary of the Interior had complied with the 
procedures of the National Environmental Policy Act prior 

to deciding whether to issue a permit for the trans-Alaska 
pipeline. The court found that the position of the Canadian 
environmental organization was sufficiently antagonistic to 

the positions of U.S. environmental organizations, which 

were also parties to the litigation, to require the granting 

of the application for leave to intervene. The word antagonistic 
was used in the sense of division of opinion concerning 

possible alternatives. In this case, that division of 

opinion may lead to the interests of the Province of Ontario 


going unrepresented unless it is permitted to participate. 


3.3. Proceedings Under Section 115,.Glean Air Act 


Ontario should also be heard in respect of the proceedings 
under $.115 of the Clean Air Act. The matter under S. 2S 
should in turn be regarded as inseparable from the instant 
proceedings. It makes little sense to approve sO. relaxations 
now which may conflict with the result of a $.115 proceeding 
already initiated. The section has been activated in that 
the two conditions, which must be met before the Administrator 
is required to give notification to the States where emissions 
originate, have been complied with. On January 16 ,An981y 


the Administrator said: 


"In summary, my conclusions are adequate 

to warrant the initiation of Section 115. 

Under this provision, formal notification 

is gdven to a Governor that his State must 

identify and propose pollution control 

measures to address the internatconal 

problem, and provide opportunity for 

public. hearing on these plans. 1 have 

instructed my staff to examine this 1s4ue 

and recommend which States should be 

notified." 

The activation of $.115 places the Administrator under 

a legal obligation to give formal notification to the Governors 
of the States in which emissions originate. Information 
made available by Ontario in this submission will assist in 
this determination. Ontario seeks to participate in these 
proceedings both as a Province being severely affected by 
acid precipitation and as being in possession of information 
(regarding effects in Ontario and the causes thereof) which 


is needed by the Administrator to carry out the obligation 


which is placed upon him by S.115 of the Clean Air Act. 


S735 a5 


These proceedings should be combined as otherwise 
relaxations granted now may be totally inconsistent with 
results of the ongoing $.115 proceedings and may compromise 


those proceedings. 
3.4 Access Under International’ Law 


Ontario also submits that general principles of international 
law require it to be heard an this proceeding. The principle 
of international law relied on below, that every State has 
a duty of care to prevent its nationals from committing air 
pollution injury against other States, should Be abt enka + 
by the recognition of procedural requirements. Among these 
should be recognition of the principle of the EPLorenoc 
access by foreign parties, including both government agencies 
and individuals, to administrative proceedings which may 
directly impact on them. Only in this way can the principles 
of international law discussed more fully below be implemented. 
Consistent with this, both the States of California and 
Alaska were allowed to intervene before the National Energy 
Board of Canada in hearings respecting a natural gas pipeline 
(Hearing RH-2-79). Such access is implied in accords such 
as the Great Lakes Water Quality Agreement of 1978 (Articles 


TEs ATG. Llce ie). 


6.5 btage of. the Proceedings* 


Ontario should be hear notwithstanding the advanced 
stage of the proceedings. Ontario learned of these proceedings 
only after filing of petitions by New York. Only then in 
late January, 1981 did Ontario become aware of the large 
number of emission limit revisions under consideration. Yet 
under the Memorandum of Intent between the U.S. and Canada, 
signed on August 5, 1980, both governments undertook to 
"continue and expand their longstanding practice of advance 
notification and consultation on proposed actions involving 
a significant risk or potential risk of causing or increasing 


transboundary air pollution." 


Ontario is not aware of the results of any study by 
E.P.A. or any other U.S. government agency which evaluated 
whether the cumulative effect of proposed SIP revisions 
would increase transboundary air pollution nor of any notice 


given in respect thereof. 


De SCA DOES, I EE 


*This subsection is redundant with respect to 
Docket No. 5A-79-1 in view of EPA reopening the 
comment period. 
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4.1 Rights eGonferned -by Accords 


On August 5, 1980 the Government of Canada and the 
Government of the United States of America entered into a 
Memorandum of Intent concerning transboundary air pollution. 


In this document the parties declared their intention 


"to develop a bikateral agreement which 
will reflect and further the development 
of effective domestic control programs 
and other measures to combat transboun- 
dary ain pollution". 


Both parties undertook to take certain interim 
actions pending conclusion of such an agreement. These 
interim actions included the following undertaking with 


respect to control measures. 


"To combat transboundary ain pollution 
both Governments shalt: 


(a) develop domestic air pollution control 
policies and strategies, and as necessary 
and appropriate, seek Legislative or 
other support to give effect to them; 


(b) Promote vigorous enforcement of exrsting 
Laws and regulations as they require 
Limitation of emissions from new, sub- 
stantially modified and existing facili- 
ties in a way which is responsive to the 
ReeRerie of transboundary air pollutcon; 
an 
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(c) share information and consult on actions 
being taken pursuant to (a) and (b) 
above". 
It is the position of Ontario that the Administrator 
must take account of the above undertakings and 
should make his decision with respect to proposed SIP 
revisions in a manner consistent with such undertakings. 
The Administrator signed the Memorandum of Intent and is 
obviously the person intended to implement those aspects 
which relate to his functions. Ontario submits that the 
development of "domestic air pollution control policies and 
strategies" requires the Administrator to take account of 
the impact on Ontario and other Provinces of emissions 
originating in States seeking SIP revisions. Such control 
policies and strategies must include consideration of the 
cumulative effect on Ontario and other Provinces of all 
pending SIP revisions. The information set out in this 
submission should lead the Administrator to conclude that 


any increase in SO, emissions from sources will further 


2 


impair the Ontario environment and should not be permitted. 


Ontario further bases its submission on the undertaking 


set out above 


"to promote vigorous enforcement of 
existing Laws and negukations as they 
nequine Limitation of emissions fom... 
existing facilities in a way which 48 
responsive to the problems of 
transboundary air pollution". 


0 


This requires that all necessary enforcement action be 
taken to restrict existing facilities within legally permissible 
standards. Many sources now seeking SIP relaxations have 


not been in compliance with the allowable Limite.” 


Ontario further relies on the undertaking in the above 


Memorandum to continue the practice of 


"advance notification and consultation 
on proposed actions involving a big ht- 
cant risk on potential risk of causing on 
increasing transboundary arr pollution". 
Ontario submits that the above provisions require 
E.P.A. to evaluate the cumulative effects ofocabl ssipire- 


laxations on Ontario and other provinces, to give proper 


notification of the results thereof and to consult thereon. 


Indeed existing standards should be enforced “in a way 
which is responsive to the problems of transboundary air 
pollution" and consultation should occur in order to assure 


such enforcement. 


On 22 November 1978 the U.S. and Canada signed the 
Great Lakes Water Quality Agreement of 1978 which provides 
that the Great Lakes system (of which the affected areas of 
Ontario are a part) shall be free from substances that will 
adversely affect aquatic life or are harmful to human, 
animal or aquatic life (Article III). The Agreement announced 


the policy of the two nations to develop and implement co- 


ordinated planning and management practices by the federal, 


state, provincial and local governments (Article II). 


4.2 Duty of State to protect other States from 


injurious acts 


The principles of international law governing a trans- 
boundary pollution situation are set out in the Report of 


the Arbitral Tribunal in the Trail Smelter Heb den ata onee 


In that case a smelter located in Trail, B.C. was 
emitting sulphur dioxide which caused damage to areas in the 
State of Washington. In order to resolve the dispute over 
liability and damages, the matter was referred to an Arbitral 
Tribunal established pursuant to an international convention. 
The decision of the tribunal establishes the principles 


governing transboundary pollution. 


The initial dispute in Trail Smelter concerned a private 
nuisance claim against a corporation in Canada by residents 
of the State of Washington. Although the dispute did not 
directly concern the two governments, they agreed to submit 
it to arbitration. It was, therefore, accepted that Canada 
would be responsible for any damages caused by the corporation 
and that the U.S. was the proper claimant to represent 


claims by its citizens. 


The decision of the Arbitral Tribunal in Trail Smelter 


¢ 


establishes the following fundamental principle: 


"A State owes at all times a duty to 
protect other States against injurious 
acts by individuals from within 4% 
jurisdiction...International decisions, 
An various matters, .. ake based on the 
same general principle,”..." 


In the language cited above, the decision established 
that the State is responsible to another State not only for 
the injurious acts and emissions of its government but also 


vicariously for the injurious acts of its citizens. 


In the decision of the Arbitral Tribunal, the principle 


was also stated in the following language: 


"under the principles of international 
Law, as well as the Law of the United 
States, no state has the right to use or 
peamit the use of its territory in Such 
manner as to cause injury by fumed in or 
to the territory of another or the 
properties on persons therein, when the 
case ib of Serious consequence and the 
injury is established by chear and 
convincing evidence”. 


A reading of the decision in Trail Smelter makes it 
clear that the conclusions reached were based on decisions 
of the Supreme Court of the United States. This point was 


noted by the Tribunal as follows: 


"the Law followed in the U.S. an dealing 
with quasi-sovereign rights of the States 
of the Union, in the matter of an 
pollution, whrlst more definite, 45 in 
conformcty with general rules of cnter- 
national Law". 
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The above authority indicates that a State should act 
in such a manner as not to permit the use of its territory 
SO as to cause injury by pollution ito the Cerritoryocr 
Spite When the context is not compensation being sought, 
but rather a proposed administrative decision which could 
lead to increased emissions, we submit that the onus should 
be on anyone justifying such increases or proposing to 
approve them to establish that there will be no injury by 


pollution to the territory of another country. 


In any event, Ontario says ‘that the injury it now 
suffers from acid deposition from U.S. sources and the 
cumulative effect of the increases proposed in the SIP 
relaxations now pending make it clear that the case is of 
serious consequence. Ontario further submits that the 
information set out in this submission establishes such 


injury on clear and convincing evidence. 


Both U.S. and Canada have adopted Principle 21 of the 
1972 Stockholm Declaration on the Human Environment, which 


says: 


"States have, in accordance ucth the 
Charter of the United Nations and the 
principles of international Law, the 
sovereign right to exploit their own 
resources pursuant to thetr own envinon- 
mentak policies and the nesponscbility to 
ensure that activities within ther 
jurisdiction on control do not cause 
damage to the environment of other States 
on Of areas beyond the Limits of national 
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Further, both the U.S. and Canada have signed the 
United Nations convention of November 13, 1979 on Long Range 
Transboundary Air Pollution. In this the parties recognized, 

"the responsibility to ensure that 
activities within their jurisdiction or 
control do not cause damage to the 
environment of other States on of areas 
beyond the Limits of national jurtsdic- 
tion." 

Ontario says, therefore, that the Administrator should 
act in such a manner as to cause the United States to comply 
with the principles of international law stated above. To 
approach the question of SIP revisions in a piece-meal 
manner without considering serious consequences to Ontario 
and other Provinces would be to proceed blindly and contrary 
to principles of law. In the present case, the Administrator 
should consider the cumulative impacts of all sources involved 
in proposed SIP revisions and should reject any revisions 


which result in increased SO. emissions impacting on Ontario 


or other Provinces. 
4.3 §.115 Clean Air Act, Basis ,of Substantive Law 


In addition to the August 1980 Memorandum of Intent and 
General Principles of International Law, Ontario submits 
that these proceedings are, Or should be, governed by S. hs 
of the Clean Air Act. The section is discussed above 
with regard to access by Ontario to these proceedings. 5S. 


115a reads as follows, 


"Whenever the Administrator, upon recetpt 
os reports, surveys on studies from any 
duly constituted international agency has 
neason tu bekkeve that any atr pollutant 
on pollutants emitted in the United 
States cause or contribute to arr 
pollution which may reasonably be anticr- 
pated to endanger public health or 

wel sane in a sonecgn country or whenever 
the Secretary of State requests him to do 
50 with respect to such polkution which 
the Secretary of State akleges 6 of such 
a nature the Administrator shall give 
formak notification thereos to the 
Governor of the State tn which such 
emissions orrginate.” 


On January 16, 1981 the Administrator of the Environmental 


Protection Agency announced that he had reached conclusions 


adequate to warrant the initiation of S. iris The reasoning 


of the Administrator in reaching these conclusions has been 
: 7 : 

set out in correspondence. Relying on a recent report of 

the International Joint Commission, the Administrator made 


the following statement: 


"The International Joint Commission which 
4s a duly constituted international 
agency under Section 115, has recently 
transmitted a neport which addresses the 
Asbue Of acid deposition. My Aevtew of 
the October 1980 Seventh Annual Report on 
Great Lakes Water Quality of the 
International Joint Commission (IIC) 
Leads me to conckude that the I1JC has 
found acid deposition results in 
AAgnificant haun in both the U.S. and 
Canada and that emission sources in both 
the U.S. and Canada contribute to the 
problem through the Long-range transport 
04 air pollution. The IJC Report states 
that '(a)cidic precipitation 4s one widely 
known and serious example of a problem 
associated with the Long-range transport 
Of atriborne pollutants.’ (Report at 49). 
The Report states that '(v)dnrtuakly all of 
eastern Canada and portions of the 
northeastern United States expertence 
rains wtth acidity equak to or exceeding 
that which can adversely affect 
susceptible ecosystems. ALL parts of the 
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Great Lakes watershed ate now 1ececving 
precipitation contatntng 5 to 40 tunes 
mone acid than would occur in the absence 
of atmospheric emissions. Many Anand 
lake ecosystems cn the most susceptible 
parts of the Basin may be Uureversrbly 
harmed within 10-15 years’ (Report at 50). 
- The Report also notes that ' (a) 
substantial portion of the Great Lakes 
drainage basin is potentially susceptrble 
to acidic precipitation, based on rt 
bedrock geokogy. The Sudbury, Muskoka 
and Haliburton areas of Ontario and the 
Adinondacks of northern New York ane 
among the most heavaty Ampacted areas tn 
the workd because thetr geology offers 
Little buffering capacity to ther Ankand 
Lakes. Some Lakes in the Hatcburton- 
Muskoka area have Lost 40-75 percent 06 
thein acid neutralizing ability in 4 
decade on Less. These areas are now 
being subjected to prectpitation which 4s 
twice as acidic as that which caused 
Losses of major fish Stocks 4n thousands 
04 Scandinavian Lakes.! (Report at 50)." 


The Administrator also concluded that new 
Canadian legislation provides Canada with ample authority 
to give the U.S. essentially the same rights as Si eo 
while emphasizing that this aspect would be subject to 
ongoing evaluation as to Canada's interpretation and 


implementation of its legislation. 


Ontario submits that all of the sources involved 
in these proceedings significantly contribute to the air 
pollution problem identified pursuant to S. 115. 2h oie 
clear from the wording of S. 115b that the S. 115 process 


leads to SIP revisions 


"adequate to prevent Or eLiminate the 
endangerment referred to An sub-section 
faye" 


As the information set out in this submission establishes 
that Ontario is already subject to levels of acidic precipitation 
which seriously impair the environment and affect the welfare 
of its residents, any increased emissions would be inconsistent 
with the obligations of the Administrator under S. 115. 

Those proceedings must lead to substantial reductions to 
fulfill their statutory objective. Therefore, any increases 
in emissions in the instant proceedings would compromise the 
proceedings under S. 115. Ontario submits that in order to 
carry out the obligation imposed on her, the Administrator 
must first evaluate in a systematic way and on the basis of 
the best information available the impact of the proposed 


increases on Ontario and other parts of Canada. 
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ESTABLISHING THE CAUSE OF ACID DEPOSITION IN ONTARIO 


bel, orice rOoaucuLon 

This chapter reviews the causes of acid deposition in 
OnPar tS and shows how a Significant amount of this deposition 
(in both the dry and wet forms) + comes from the states 
mentioned in this submission. The review draws from many 
studies of acid deposition and long range transport which 
are currently in the technical literature, and each section 
in the chapter discusses one step in establishing how the 
emission sources of SO., are cauSing a part of this deposition. 
Subsequent chapters will discuss the effects of this deposition 
and the significance of the proposed SIP relaxations for SO. 
emissions on Ontario's environment. The two final chapters 
will show how Ontario is pursuing a policy of drastically 


reducing its own SO, emissions, as well as requesting 


2 


Similar levels of reductions from neighbouring jurisdictions. 


It iS important to emphasize that a reduction of sO. 
emissions is needed on an eastern North American basis to 
eliminate the damage caused by acid deposition. In decades 
past, environmental protection of air quality was approached 
on a "local" rationale -- that is, airsheds were thought of 


as small areas surrounding urban zones or rural industrial 


activity. However, as this chapter will demonstrate, the 


protection of the environment from acid deposition (as well 

as from other problems such as oxidants) requires a change 

in thinking patterns. An “airshed" can no longer be con- 
sidered as an entity having localized boundaries and subject 

to localized styles of management or regulation. The "airshed" 
is common to many states and provinces of the U.S. and 

Canada, and pollution control to protect the environment and 
health of people in that airshed must be a shared responsibility 
of all parties in that airshed. Chapter 8 of this submission 
will clearly illustrate why action on the part of one jurisdiction 
such as Ontario to lessen so, emissions is fruitless unless 

its neighbours -- the midwestern and eastern states of the 


U.s.. —= also take action. 


The Government of Ontario knows that the EPA is undertaking 
Studies of air pollution problems in regional, multi-state 


2 This is encouraging, but inadequate from our 


airsheds. 
point of view. A glance at a map of Ontario (see Map 2.1) 

shows that the most environmentally sensitive part of Ontario 

is literally wedged between the middle of a highly industrialized 
group of states. Our part of the regional airshed is intimately 
related to the U.S. portion of the same airshed; therefore, 


Ontario's environment must be studied, assessed, and protected 


in close concert with the U.S. 


Ecological damage resulting from the intimacy of the 
airshed relationship is not limited to acid deposition. 


Concern has been noted over the past two decades about 


oxidant damage in Gntarioc | due to sources in distant 
areas, and a recent IJC fepore. highlights growing concern 
that the atmospheric deposition .of organic compounds such as 
PCB's and pesticides into the Great Lakes is a major source 
Of Contamination Of these water bodies: ThewliC .furthes 
states that much of the deposition is likely due to distant 


sources. 


Ontario submits that the existence of these other 
Seed air quality problems is further compelling evidence 
that jurisdictions must consider pollution Eee and 
related control strategies on the large-scale regional 


airshed basis. 


5.2 Description of Weather Systems Affecting Ontario 


Ontario is a large province, and air masses move across 
the various parts of the province from different directions. 
Because the acid deposition problem is documented to be 
Greatest un ithe Southern. pamt of Ontario (that is, the area 
approximately covered by region 1 of Map 2.1), this chapter 
will focus on weather systems moving over this part of the 
province. This section discusses the evolution of systems 
bringing in both precipitating and non-precipitating air 
masses, as these systems contribute to wet and dry acid 


deposition respectively. 


Wind directions into and across Ontario have a westerly 
prevalence with a higher percentage frequency north of west 
in the winter and a higher percentage frequency south of 
west in the summer. As a low pressure area bringing pre- 
cipitation moves in, it is preceded by a southerly circulation 
of warm humid air. It is followed by a cold frontal passage 
and a northerly flow of relatively dry air. The high pressure 
area which follows the low will return the winds to a south 
and southwest direction. While dry air may be from any 
direction, air masses leading to precipitation most frequently 


originate from the south. 


3.0) /Dry Acid Deposition and the Weather 


5.3.1 Background 


Weather conditions that control air movements play an 
important role in the long distance transport of pollutants 
that contribute to the dry and wet deposition of acidic 


materials. 


Whenever a pollutant is released into the lower atmosphere, 
it may either (a) be deposited on the surface near the 
source (i.e. within about 50 km) through the actions of 
gravity, turbulent diffusion, rain, or snow, or (b) undergo 
chemical transformation and be deposited locally or (c) it 
may be transported in either its original or transformed 
state many hundreds or thousands of kilometers by the wind 
before falling to the earth. Recent RE: has done 


much to enhance the understanding of how some of these 


pollutants react’ as theypare transported, but Che exacec 
mechanisms are still not completely understood. Nevertheless, 
the general features are well enough delineated to link the 


precursors of acid deposition with the deposition itselte oe 


In the case of dry acid deposition, high ground level 
concentrations of sulphates and/or nitrates are a good 
indicator that the dry acid deposition process is fTRety ess 
In what follows, conditions giving rise to high levels of 


acid deposition and the frequency of these deposition episodes 


Will be discussed. 


5.3.2 Evidence of Contributions from Southerly and 


Northerly ;sources . 


In the past decade, there have been numerous studies 
which have shown that pollutants such as sulphur dioxide, 
sulphates, ozone, and nitrates are transported over hundreds 
Or even thousands of kilometers by the winds before they are 
dry-deposited to the earth's surface. A number of these 


eeaares O24 


are concerned with the long-range transport of 
pollutants into Sdéuthern Ontario from the highly industrialized 


regions of the United States south of the Great Lakes. 


One of the first studies that iG aeeneed the long-range 
transport of pollutants into Ontario was undertaken in 
response to ozone damage to tobacco crops north of Lake 
Eriee® This study concluded that the flecking of tobacco 


plants occurred when the air masses containing high ozone 


concentrations in Ontario had been over the industrial areas 
of the United States south of Lake Erie six to twelve hours 


earlier. 


More recent ee ndieonek ae have shown that summer ozone 
concentrations are highest in Southern Ontario during a flow 
of warm air from the south which occurs with the passage of 
the northwest sector of a high pressure area. The number of 
days with high levels of ozone varies considerably from year 
to year, but the frequency is, significant. ~ For example, in 
1978 there were 43 days of elevated levels while in 1979 
there were 14. The ozone was often associated with high 
levels of sulphates. Back trajectories of the air parcels 
show that air arriving in Southern Ontario with high ozone 
and sulphate concentrations originated south of the Great 
Lakes. In contrast, air of northerly origin has been demonstrated 
to have much lower pollutant concentrations. U.S. studies 
have shown that high pollutant levels in the northeastern 
United States were associated with air flows from the Ohio 
Valley and comparably clean air was associated with a northerly 


circulation from Gnetalccmew 


SyoRa3 Specific Examples of Pollution from the South 


The long range transport of acid-deposition-related 
pollutants over eastern North America is often evident from 
aircraft. During sunny days, haze in the lowest few thousand 


foot layer can be seen extending for hundreds or thousands 


“Ff kilometers covering ooth ucban and rural arsas. -Satellite 
photographs of eastern North America have shown large hazy 
air masses present in cloud-free regions.~° Further in- 
vestigations have revealed that this air is characterized 
near the surface by low visibility and high concentrations 

of sulphate particles and ozone. By analyzing a series of 
these photographs, the path history of the "smog area” 


can be reconstructed. 


The history of one such event (August 16-28, 1976) 
showed the "smog area" south of the Lower eroht Lakes and 
Spreading over the entire Lower Great Lakes region by 
August 22nd. A weak cold front pushed the "smog area" 
southward on the 23rd, but it again moved northward across 
Southern Ontario on the 26th. Particulate sulphate con- 
centrations exceeded 40 micrograms per cubic meter (ug/m?) 
at several Ontario sites during this period. In addition, 
the origin of the sulphate-laden air, reported in an area 
extending from Windsor to Quebec City, was demonstrated to 
be the Ohio, Pennsylvania, and West Virginia regions. >? The 
concentrations of sulphates reported at ground level over 
Ontario, Quebec and the northeastern United States on August 
16, 22 and 28 are shown in Figures 5.1, 5.2 and 5.3. These 
figures indicate that the measured levels of sulphates 
caused the reduction in visibility. that gas evident in the 


satellite photographs. 


A second example shows that sulphates may occur in the 
absence of ozone, in the winter season. One such episode 
occurred in February 1979. A prolonged cold spell in Southern 
Ontario was broken with the onset of southerly winds that 
brought warm air into and across the tee gt lee following 
the passage of a slow eastward moving high pressure area 
from southwest of the Great Lakes to the Atlantic Seaboard. 

As the winds shifted to the southerly direction, sulphur 
dioxide concentrations began to rise on February 19 in the 
southwest part of the province. By mid-day of February 20, 
they had spread to Ontario's eastern areas. The rise in 
sulphur dioxide concentrations was most pronounced at rural 
monitoring sites where sulphur dioxide concentrations are 
eine yo near zero. Particulate sulphate concentrations 

were also Herenn sa high, accounting for wand 30% of the 
suspended particulate matter at some sites. The maximum 
sulphate concentration during this period was 67.5 ep ae 
Trajectory analyses indicated that the high concentrations 

of these sulphur compounds were associated with air movement 
from south of the Great Lakes. The Ontario Air Pollution 
ingles, > which is based on sulphur dioxide and suspended 
particulate concentrations and is designed to protect the 
health of the Ontario public, rose above the Advisory Level 
in three Ontario cities during this time period. As a 
result, Ontario industries were asked by the Ontario Ministry 
of the Environment to curtail emissions in compliance with 
Ontario's Environmental Protection Act. The subsequent in- 
sseriqarion-* showed that approximately 50% of the pollutants 


originated in the United States. 
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August 16, 1976 


Figure 5.1 Pay 1 of a typical episode demonstrating developement of high sulphate 
concentrations over Ontario. 
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5.2 Nay 7 of a typical episode demonstrating development of high sulphate 
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concentrations over Ontario. 
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Sulphate ugm/m* 


Figure 5.3 Nav 13 of a typical episode demonstrating development of high sulp::ate 
concentrations over Ontario 
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Therefore, the importation of U.S. pollution was directly 
responsible for unacceptable air quality fn Ontario, and 
this U.S. pollution forced a temporary curtailment of Ontario 
industrial operations. 


a iaer: have shown that 


Studies of particulate nitrate 
nitrate concentrations exhibit similar patterns to aeienave 
and ozone with high concentrations occurring during periods 
when air flows into Southern Ontario from the south. Detailed 
study of periods of widespread elevated nitrate concentrations 
(in excess of 10 ug/m?) showed air originating south of the 
Great Lakes. Further analysis has shown that when an air 
mass moves over Southern Ontario after having passed over 
the States south of the Great Lakes, nitrate concentrations 


are nearly twice those measured when the air mass originates 


from the north. 


5.4 Wet Acid Deposition and the Weather 


5.4.1 Background 


Pollutants can be removed from the air and deposited tc 
+he ground by precipitation (i.e. rain; fog; or snow). This 
is known as wet deposition. In the case of wet acid deposition, 
tae substance of concern is hydrogen ion. The dissolved 
oxides of sulphur and nitrogen in precipitation give rise to 


its acidity. 


327,55 nae 


As with dry deposition, recent studies 
advanced the state of knowledge sarrgas fife a at precursor 
compounds are transformed, removed and deposited by precipitation. 
The relationships are complex, but a reasonable Tavita 
summary can be presented as follows: (a) the primary pollutant 


emissions consist largely of SO. and/or NO, i (b) deposition 


2 
mechanisms may "bring down" part of the emissions locally if 

the meteorological conditions are appropriate, or the pollutants 
may be carried long distances; (c) chemical transformations 

may occur during transport via differing mechanisms, depending 
on whetner the, aim as -dry or moisture-laden; nang (d) wet 


deposition occurs with precipitation at large distances from 


the sources. 


5.4.2 Measuring Acidity in Precipitation 


Measurements of the wet deposition of acidity are 
obtained by the chemical analysis of collected rain and snow 
samples. Scientists gauge the acid and base strength of a 
solution by a parameter called pH which is a logarithmic 
measure of the hydrogen ion concentration on a scale ranging 
DRO LO. CO" Lae 0% On the pH scale, a chemically neutral 
solution has a value of 7.0 which is mid-way on the scale. 
The greater the acidity, the lower the pH value. A change 
of one pH unit downward defines a eencalaecosrge in the 
hydrogen ion concentration, or a tencot increase in acidity; 
a change of two is a hundredfold. If for example, a pH is 
2.001 LS. 0Utimes= mores acidicabhans asprotes- Us) -arpHaog 


3.0 15 a hundredfold more acidic than a pH of" 510: 


There are several precipitation monitoring networks 
operating in North America. Figure 5.4 illustrates pH 
isopleths based on data from two of these networks for Papo. 
The normal pH level of precipitation is 5.6; that is, 
slightly acidic. However, when the precipitation contains 
oxides of sulphur and nitrogen, its acidity increases. 

Figure 5.4 indicates that the acidity levels of precipitation 
are very severe in the Northeastern U.S. and Southeastern 
Canada, with the highest levels in the vicinity of the Lower 


Great Lakes where the pH is near 4,0. This acidity is thus 


about 40 times that of normal precipitation. 


Precipitation at a pH level of less than 4.5 (about 10 
times more acidic than normal) will cause damage to sensitive 
lakes, as discussed in Chapter 6. The data for 1979 shows 
an area of damaging acidic precipitation over most of Ontario, 
except the northwest portion, over southwestern Quebec, 
and over most of the northeastern United States. It is this 
area that we have shown to be subjected to the long range 
transport of pollutants from sources that are the subject of 
the Proceedings. Simulation modelling results, which follow 


in Chapter 7, will quantify the contribution of these sources. 


5.4.3 Evidence of Contribution from Southerly and 


Northerly Sources 


The most frequent type of storm system which gives rise 


to precipitation in the southern portion of Ontario first 


a ha. a 


passes over the areas of high emissions in the Great Lakes 
Statese These storms occur with a frequency Of obo tomas 
times per annum. A typical example, is the track of a low 
pressure area Originating in Eastern Texas, as shown in 
Figure 5.00. “The low Srégslie Aun intensifies as it moves 
north-eastward towards the Great Lakes, bringing warm humid 
air northward from the Gulf of Mexico. This air passes 
across the industrialized Ohio River Valley, becoming laden 
with oxides of sulphur and nitrogen prior to entering Ontario 
and the Northeastern United States. A significant proportion 
of these pollutants is chemically transformed during travel 
to particulate sulphates and nitrates, which are eventually 
scavenged (i.e. removed) from the air by tiny water droplets. 
These, after growing in size, form acidic precipitation 

which can be deposited onto Eastern Canada or the Northeastern 


United States. 


The significance of this situation has been well documented - 
by an Ontario Ministry of the Environment stuay.>° Weather 
maps were analyzed along with precipitation samples taken 
over a three year period in the Muskoka-Haliburton region, 
oie vironmentally sensitive area of South-Central Ontario. 
This region’ ites about 200 km North of Toronto and’ about’ 200 
km Southeast of Sudbury, where Ontario's largest smelter 
sources of SO, are located. Back trajectory analyses?! 
showed that 753 of the precipitation events at the site were 
associated with air masses arriving from the south and 


southwest octants. Furthermore, analysis of the precipitation 


samples showed that approximately 80 per cent of all acid 
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Figure 5.5 Typical storm track across Central United States and into Ontario. . 
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Figure 5.5 Typical storm track across Central United States and into Ontario. | 


which was wet-deposited came with air masses from the south 
and southwest. While Canadian sources to the south also 
contribute to this percentage, the relative magnitude of 

these sources is very small compared to the size of the U.S. 
emissions south of Muskoka-Haliburton. Thus, it is reasonable 
Po accion most of the 80 per cent figure to U.S. sources. 
Other seudiess hee have also shown that the high acidity in 
precipitation over Ontario occurred in conjunction with air 


masses that originated in the United States. 


A second study done by the Ontario Ministry of the 
Environment reinforces the above conclusion: a A series of 
wet deposition measurements (i.e. precipitation event samples) 
were taken in the Sudbury area, and careful records were 
kept of the weather conditions and the direction taken by 
the smelter plumes. While interesting results were obtained 
concerning the amount of wet deposition due to the local 
smelter plumes, the study also demonstrated that the pH of 
precipitation associated with northerly winds was on average 
4.6, while the pH value of precipitation associated with 
southerly winds was 4.2. Therefore, the acidity of precipitation 
related to southerly air masses was more than twice as great 


as that of precipitation from the north. 


5.5 Summary 


This chapter has presented evidence from a variety of 
fields which clearly and convincingly documents the. Tacc 


that the states containing the power plants in these reports 


are causing a Significant amount of the acid deposition 
SCCUrring Ins Ontario. —Chapter sewill quancitys tne partes 

this deposition due to the 20 power plants under consideration, 
and Chapter 6 will discuss the effects this deposition is 


Causing, but 2t should be clear from this’ chapterethac. 


° weather systems can frequently move air masses 


over long distances; 


emissions of SO, and NO, from U.S. sources are 
mixed into these air masses and react as the air 


masses are transported to form acidic compounds; 


: these air masses can then either dry-deposit or 
wet-deposit acidic material onto Ontario's sensitive 


areas with a significant frequency; 


experimental measurements of wet deposition, and 
meteorological analysis coupled with air quality 
measurements, verify that the U.S. has a Significant 


impact on the deposition in Ontario. 


These points all reinforce the necessity of the E.P.A. 
Administrator to work closely and conscientiously with other 
jurisdictions sharing the northeastern continental airshed 
in order to judge before the fact whether or not SIP relaxations 


will adversely affect the environment anywhere in that 


airshed. 
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6. 
EFFECTS OF ACID DEPOSITION ON ONTARIO'S 


AQUATIC SYSTEMS 


Sensitive aquatic systems which receive acia, Doth 
directly and indirectly from Precipitation, ean, Sutter 
chemical and biological damages. This chapter discusses 
the nature and magnitude of these effects in Ontario as 
evidenced through research on the province's aquatic 


ecosystems. 


6.1 General Nature of the Lake and River Acidification 


Process 


Acids falling on the earth's surface may be 
neutralized by chemical reaction with basic materials 
in the soil and water. Soils with large amounts of 
basic material, such as limestone, can neutralize the 
acids for indefinite periods of time with only minor 
changes in the chemical composition of the runoff. If, 
however, the soils have little capacity to neutralize 
the acid, for example, Precambrian rock, the acid 
loading can exceed the neutralizing capacity and runoff 
water will be acidic with consequential biological 


damage in streams and lakes. 


The alkalinity of lake and river water is a chemical 
measure of its capacity to neutralize acid. The 


greater the alkalinity, the higher the pH value will be 


as ae 


and the greater the capacity to neutralize acid. The 
alkalinity ts-often referred-to asthe buffering capacity 
of the water. Lakes in areas of limestone soils have 
high alkalinities and pH values generally above 7.0. 

By contrast, unpolluted lakes located in hard rock 
geological conditions, such as the Precambrian rock 

area of Ontario, have low alkalinities and pH values 
generally in the range of 6.0 to 7.0. While these 

lakes are on the acidic side of pH 7.0, they still have 


healthy aquatic life and vigorous fish populations. 


Lakes with low alkalinity are regarded as sensitive 
to the effects of acid rain since they have a low 
Capacity to maintain (or buffer) the pH at acceptable 


values when excessive acid is added from the atmosphere. 


When excessive acid loadings from the atmosphere 
are applied to sensitive areas, the pH of the runoff 
may be reduced to values well below 6.0 for a few weeks 
time during spring snow melt or for a few hours or days 
during heavy summer and autumn rains. In addition to 
these short term effects, the soil alkalinity or 
buffering capacity can be slowly used up by the acid 
and therefore, the pH of the streams and lakes is 
reduced throughout the year. Lakes which suffer short 
term pH Berets or have their summer pH values 


Slightly reduced are called "acid stressed" lakes. 


Over time, the acid loading can virtually exhaust 
the neutralizing (or buffering) capacity of the soils 
in sensitive areas and the runoff can become nearly as 
acidic as the rainfall itself. When the pH of streams 
and lakes falls to values of about 4.5 or less, fish 
populations will be essentially absent and the waterbody 


is called "acidified". 


Therefore, the ultimate result of deposition of 
acids in sensitive areas is acidification of the surface 
water with virtually complete destruction of aquatic 
life except for some attached algae and mosses growing 
on the lake bottom. These effects have been well 
established for lakes and rivers in Scandinavia affected 


by acid deposition. 


6.2 Research Approach to A uatic Effects 


Under the current patterns of acidic precipitation, 
virtually all of the lakes located in Precambrian rock 
in Ontario are being subjected to acid loadings above 
"background" levels. Precipitation with pH near Sn the 
value expected for equilibrium with atmospheric carbon 
dioxide, contains about 2.5 yeq/l of acid (hydrogen 


ion). The observed concentrations in bulk deposition 


~-~ 65 = 


are about 11 wyeq/l at Kenora* (4 times the "background" 
icve and up to 70-90 yeg/l in the important recreational 
areas of Muskoka-Haliburton** (28-36 times the "background" 
leve1**). For several years, environmental studies have 
been undertaken in these areas designed to determine the 
resulting water quality and biological responses in the 
lakes and streams. Data presented in this section are 


derived from these studies. 


The lakes, rivers and watersheds themselves are the 
ultimate "collectors" of atmospheric pollution deposited by 
wet and dry mechanisms. One research approach has been to 
consider lakes and watersheds as giant collectors, which has 
led to establishing "calibrated watersheds", which are 
combinations of watersheds, streams and lakes under intensive 
measurement. The calibrated watersheds are the prime source 


of information on acid rain effects. 


Hydrologic weirs (Figure 6.1) are set up on the 
streams entering and leaving a particular study lake. 
The flows of water and dissolved substances are accurately 


measured entering and leaving the lake and these are 
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*Located in Northwest Ontario, Northeast of the Ontario- 
Minnesota Border. Area Code 2 Map 2.1. 


*kLocated in South-Central Ontario. Area Code l 
Mapw2 «il. 


Stilling 
Well 


Figure 6.1 Actual and schematic examples of a weir designed to accurately record 
the flow of water in streams. Water samples are frequently collected for 


chemical analysis and concentrations and total amounts of chemical 
constituents passing through the weir are calculated. 
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combined with the best possible measures of atmospheric 
inputs and of water loss by evaporation to calculate 


"substance budgets". 


The difference between the inputs measured by the 
budgets and the inputs measured from wet deposition can 


give estimates of dry deposition. 


The calibrated ie ere are subjected to detailed 
biological sampling and thus, serve to quantify the 
chemical and biological effects of pollutant deposition. 
Relationships established by detailed studies can be 
extrapolated to large numbers of lakes for which less 


total data are available. 


Calibrated watersheds have been established at 
many locations such as Kenora, Sault Ste. Marie and 
Dorset in Ontario, Laurentide Park in Quebec, Kejimkujik 
Park in Nova Scotia, Hubbard Brook in New Hampshire, 
and Sagamore Lake in New York. For each study site, a 
data base of atmospheric loadings and resulting aquatic 
and terrestrial effects is being compited. —~ Conclusions 
regarding effects are drawn from comparisons between 
areas and from long term observations in each area. 


Extensive results for Ontario are available from the 


Kenora and Dorset study locations. 


6.3 Observed Effects of Acid Rain in Ontario 


6s Sela Water) Qualaty 


Some lakes near Sudbury, Ontario, where nickel and 
copper smelters have discharged large amounts of sulphur 
dioxide since the early 1900's, have been acidified by 


Stem. The problem was 


atmospheric deposition of acids 
regarded as "local" and was addressed by reducing emissions 
and by commissioning the world's highest smoke stack tay L972 
to utilize the dilution capacity of the atmosphere for the 
largest single sources in the area. Ground level sulphur 
dioxide concentrations due to the local sources had caused 
discomfort to people and damage to vegetation and both 


problems have essentially been eliminated by the control 


programs. 


The Sudbury situation is famous because of its 
size, particularly the INCO Ltd. smelter, but it is far from 
unique. During the 1970's hundreds of other plants and 
industries were built in the United States and Canada which 
utilized high stacks to disperse wastes. Emission reductions 
were seldom applied; the atmosphere was expected to solve 


the "problem". 
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The overall result is that today in North America 
there are hundreds of atmospheric sources of sulphur and 
nitrogen oxides from the burning of fossil fuels and non- 
ferrous smelting operations, all depending on atmospheric 


dilution to resolve part of the waste problem. 


In recent years it had become well understood that 
the acid rain problem in Ontario was not confined to the 
Sudbury area and that the Sudbury sources were only a small 
Parvtnormcne, LoOLaL emissions to the atmosphere leading to the 


acid deposition in Ontario. 


In most parts of the Precambrian Shield, the acids 
(hydrogen ions) from atmospheric deposition are neutralized 
during most of the year. Retention (neutralization) of 
hydrogen ion has been measured at 88% and 98% on an annual 


basis at Kenora and Dorset peapeceively.--" >> 


However, many detrimental water quality effects 
are being observed. The hydrogen ions stored in the snow 
runoff in the spring thaw and most of the total annual acid 
input occurs during the spring melt. The large volume of 
water, coupled with less chance for interaction with the 
soil, which may be frozen, results in shock loadings of acid 


to streams and to the surface waters of lakes. 


Jeffries! compared pH values of a series of small 
streams and lake outflows at Dorset before and during spring 
runoff. (See Table 6.1). At the very minimum, the surface 
waters of the entire lakes were acidified during this 
period of time. The lowest pH values, 4.8 - 5.0, observed 
in lake outflows, are within a range capable of causing 
damage to aquatic life, particularly to fish. AS much as 
76.6% of the measured yearly acid discharge from the watersheds 
ran off in April. Figure 6.2 shows a typical hydrograph for 
one of these streams, emphasizing the high spring water 
flow, high acid discharge, and low pH values. Scheider-- 
further demonstrated that the pH of streams was depressed 


for periods of a few hours during times of heavy runoff 


during the summer months (Figure 6.3). 
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TABLE 6.1. 
pH OF STREAMS IN MUSKOKA-HALIBURTON, ONTARIO, CANADA: 
STREAM pli IS GIVEN PRIOR TO SPRING RUNOFF (MID-MARCH 1978) 
AND AT MAXIMUM RUNOFF (MID-APRIL 1978) 


Annual Average Alkalinity data from Scheider (Pers. Comm) 


Waterhsed Annual 
Average Stream H 
Alkalinity Number Mid-March Mid-April 
ueq/1 

Harp Lake 96 3 6.1 eet 
| 3A 6.0 5.6 
5 59 4.8 
6 Bune see) 
6A 5.4 see) 
Outflow 6.3 5.0 
Dickie Lake 55 5 4.6 4.3 
6 4.6 4.4 
ABA 4.9 4.1 
Outflow 5.6 4.9 
Chub Lake on af 579 Sy 
2 oe Ane 
Outflow Da 4.8 
Red Chalk Lake 92 1 sees § 50 
Y AS5 4.3 
3 6.0 Sry) 
4 6.2 Si 
Outflow 6.1 grote) 


Partial Table From: Jeffries et al., 1979 


HYDROGEN ION LOAD weg/md (SOLID CIRCLES) 


PRECIPITATION (mm) 


60 


40 


20 


30 


20 


10 


20.0 


HARP LAKE No.4 


15.0 


10.0 


5.0 


6.50 


6.00 


5.50 


25 15 


MARCH 


Figure 6.2 “Spring pH Depression” of a Stream 
Graph illustrating “spring pH depression” in one of the six 
inflowing streams to Harp Lake, a study lake in Muskoka. 
As the spring runoff increases the amount of water, the acidic 
melted snow causes the stream pH to drop, producing severe 
chemical “shock” effects on aquatic life. 
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Heavy autumn rains also cause depressed pH in 
Ponott for a few dayswmt a time. In Gne particular year of 
Lay, 
study, Jeffries observed as much as 25.8% of the total 


annual hydrogen ion runoff from small watersheds in October. 


There are about 35 streams under study in the 
Dorset calibrated watersheds and some have results for a 
period of five years. The results for the Harp and Red 
Chalk Lake watersheds presented here are typical of the full 
set of observations and it can be concluded that atmospheric 
acid loadings are causing periodic water quality changes. 
The study lakes all have low alkalinities but are representative 


of thousands of lakes in the Precambrian area. 


The summer alkalinity value of Clear Lake in 
McLintock Township at Dorset, was 33 yeg/l in 1967 and only 
14 peq/l in 1977 adacating a net loss of buffering 58 Sree 
in other words, the lake is acid-stressed. This lake is 
only unique in that accurate historical data were available. 
There is no reason to doubt that many other sensitive Ontario 
Lakes have already shared the same fate and that many thousands 
more will follow in due course if no abatement action is 


taken. 


fable Ga2 indicates the distribution of 
alkalinity values for various areas of the Precambrian 


Shield. 


The number of lakes sampled in each area to date, (Table 
6.2), 1S small in comparison to the total lakes in these 
areas, but based on this data it is becoming clear that a 
very high percentage of the lakes in the entire Precambrian 


Snielay fav vine he extremely or moderately sensitive categories. 


The lakes in the extreme sensitivity category are 
currently acid stressed (suffer pH depression in the spring 
runoff) and are likely to be acidified by long range transport 
Lf Cuurent acid loadings continue. Loss of buffering capacity 
is cumulative, its rate and timing dependent on the rate of 
deposition. Once lost, there is nothing to prevent the lake 
from quickly na R ee This supposition is supported by 
the long term observations of lake acidification in Scandinavia’ 


and the Adirondacks. *° 


6.3.2 Ground Water 


Hultberg’® has identified a number of shallow 
wells in Sweden which have become acidic as a result of 
acidic precipitation infiltrating soils with very low neutralizing 
Capacity. The acid water has caused serious corrosion of 
plumbing and in some cases entire systems of copper pipes 
have had to be replaced after 10 to 15 years of use. The 
acidic wells are characterized by rock outcrops allowing 
surface runoff to move to Sandy subsoil with minimal contact 
with surface soils. There is little opportunity for the 
neutralizing capacity of the surface soils to be Utilized Fin 


neutralizing the runoff. 
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Many wells in the Precambrian area of North 
America servicing seasonal cottages and permanent homes are 
located in similar beSiodtcal conditions so the potential 
for acidification of ground’water exists. “Therfirst) field 
surveys were carried out in 1980 in the Muskoka-Haliburton 
area of Ontario. | Ah total or 85 ground water amples! were 
analyzed for pH. Sampling was done in July along a line 
between McTier and Bancroft, and in October along a line 
between Parry Sound and Barry's Bay. Ground water was 
sampled from shallow springs and at various depths in wells 


obtaining water from both bedrock and overburden formations. 


The sampling results indicated the acid shock 
effects of the spring snow melt on ground water sources. 
Eleven of the 85 samples had pH values less than 6.0, with 
the lowest value being 5.2. Subsequent sampling (summer, 
fall) of five of the low pH values resulted in only one 


sample still having a pH of less than 6.0. 


6.3.3 Fisheries Damage 


Fish population damage is a major concern as 
it represents loss to the sport fishing industry and 
serious disruption of the biological food chain since so 
many birds and mammals depend on fish for food. Complete 
loss of fish tends to be regarded as the definition of a 


"dead" lake. 
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Figure 6.4 Changes in the age composition of the White 
Sucker in George Lake, Ontario. See text 
for references. 
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Figure 6.5 Age composition of the White Sucker in Crosson Lake. 
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Figure 6.6 Age composition of White Sucker for Harp and Red Chalk Lake, 1979. 
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When the buffering capacity of a lake has been 
reduced and the summer pH drops below about 5.5 the fish 
population declines rapidly. Virtually no fish survive for 


long at pH below ee 


A small number of lakes at Dorset have been 
subjected to intensive fish population measurements and 


several observations are relevant. 


Four study lakes (calibrated watersheds) have 
average pH values of 5.7 (Plastic), 6.0 (Crosson), 6.6 (Red 
Chalk) and 6.6 (Harp). Corresponding alkalinities are 6, 


Gis 92 and 96 yweg/l respectively. 


Plastic Lake has experienced fish kills during 
Snow melt when the pH has been as low as 4.7 (Harvey, pers. 


comm.) . 


Figure 6.4 shows the age distribution of white 
suckers in George Lake near Sudbury during a 13 year period 


2,5,14 There is a distinct 


while the lake was becoming acidic. 
shift toward a younger average age and this is believed to 
be a characteristic response to lake acidification. Figures 
6.5 and 6.6 show the age distributon of white suckers in 
Crosson and Red Chalk Lakes in 1979. The shift toward a 
younger average age in Crosson Lake suggests damage by 


acidification - in this case the spring pH depression being 


the main manifestation of the phenomenon. 
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White suckers are an important "test species" since 
they are not subject to fishing pressure and therefore, any 
changes in population are due to environmental effects. 
Figure 6.7 shows the age composition for white suckers in 
Chub Lake with the year 4 age class missing. This is also a 
characteristic of lakes subject to acidification damage. 


(Harvey, pers. comm). 


These observations provide strong evidence that 
the fisheries are beginning to suffer under the present acid 
loading conditions. It is reasonable to assume that similar 
changes are taking place in the many thousands of lakes with 
Similar alkalinities which are likely experiencing Similar 


water quality effects. 


6.3.4 Mercury in Fish 


Since elemental, metallic mercury can exist in 
the gas phase at ordinary air temperatures it has become 
ubiquitous#in fie environment. Large quantities of mercury 
pass between the earth and the atmosphere by natural cycling 
processes which have been going on for millions of years. 
Therefore, the mere presence of mercury in any compartment 
of the environment does not necessarily imply any human 


influence. 


Man's propensity to utilize the atmosphere for 


the disposal of wastes influences the natural mercury cycle 
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in two ways. “Firstly, man’s activities directly increase 
the total amount of mercury entering the atmosphere. 
Secondly, the amount of mercury in fish and other aquatic 
organisms is increased due to the acidification of surface 


waters by acid deposition. 


Regarding the first influence, it has been 

estimated that on a global scale human activities have 
increased the mercury emissions to the atmosphere by 27318, 
but it is not known how this increase influences the global 
mercury cycle. Within eastern North America, however, the 
Situation is quite different. Man-made mercury discharges 
to the atmosphere from the U.S. states bordering on the 
Great Lakes are 170% of the natural atmospheric loading. 8 
States farther south which may still influence the Precambrian 


area by long range transport have similar man-made atmospheric 


discharges. 


Coal contains on average about 60 ng/g of 
mercury’? and up to 97% may be emitted from stacks upon 


combustion. © 


The mean residence time in the atmosphere has 
been estimated to be 11l days.+8 Therefore, there is plenty 
of time for long range transport prior: to deposition. These 


points are of particular concern regarding any policy to 


increase the use of coal as an energy source. 


If all other factors were equal, one could expect 


such large increases in atmospheric emissions to increase 


the deposition rate and hence, the concentrations of mercury 
in living organisms. However, while logical, increased 
deposition has not yet been fully substantiated as atmospheric 
studies on mercury have only been carried out ina preliminary 


way to date. 


Regarding the second factor influencing the 
natural mercury cycle, éyat is, acidification of surface 
waters, it has already been demonstrated as cause for concern. 
Acidification of lakes takes place over a time period measured 
in years or even decades. During this time there will still 
be fish in the water although the average pH of the water 
will be slowly declining. It has been shown that the lower 
pH conditions tend to cause increases in the mercury con- 


centrations in fish. 14:81 


One possible explanation of this is as follows: 

methyl mercury is generally in the dimethyl form which is a 
gas at room temperature with low solubility in water. It 
can move through the environment without much effect on 
biological systems. Under acidic conditions, the dimethyl 
mercury loses one methyl group and becomes ionic monomethyl 
mercury which is much more soluble in water and apparently 
more readily taken up by fish and other aquatic life. The 


methyl mercury form is extremely toxic to most life forms. 


The result is, that over a long period of time, 


lakes and rivers subjected ‘to acid stress will still have 
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LAKE #, NAME TWP. LAKE #, NAME TWP. 
1 DUCK LAKE MINDEN 8 DICKIE LAKE McLEAN 
2 LITTLE CLEAR LAKE SINCLAIR 9 LEONARD LAKE MONCK 
3 HARP LAKE SINCLAIR 10 HENEY LAKE McLEAN 
4 BIGWIND LAKE OAKLEY 11 CRANBERRY LAKE GUILFORD 
5 NELSON LAKE BOWELL 12 HEALEY LAKE McCAULEY 
6 CHUB LAKE - RIDOUT 13 CLEAR LAKE STANHOPE 
7 CROSSON LAKE OAKLEY 14 FAWN LAKE McCAULEY 


Figure 6.8 Mercury concentrations in yearling yellow perch and SPaumTe tc 
PH relationships (Suns et al., 1980). 
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some fish but the mercury concentrations in those fish will 
increase. Birds and animals which eat fish as a major part 
of their diet will ingest quantities of mercury which may 


well threaten their health and survival. 


The fisheries within Ontario are the basic 
resource for a sport fishing industry valued at hundreds of 
millions of dollars per year. While in the long-term, aci= 
dification of lakes poses a threat to the industry, in the 
short-term, mercury in fish could lead to further restriction 
on human consumption of the fish with consequential economic 


loss to the industry. 


ate. has been sampling young-of-the-year 
and yearling fish for contaminant studies. This approach 
reduces some of the variables since the fish are uniform 
with respect to age and diet. The data, Figure 6.8, demonstrate 
increased mercury concentrations in fish from lakes with 
lower pH in the Haliburton area of Ontario. It was further 
shown that for lakes with similar pH, the mercury was higher 
in fish from lakes with a higher ratio of drainage area/lake 
volume. This result implies that the quantity of mercury 
from either direct atmospheric deposition or watershed 
leaching is influencing the mercury concentrations in fish. 
The surveys have not been carried out long enough to establish 


any trends with time. 


In 1980, the survey was extended to include adult 


bass which are an important component of the sport, t2shery? 


Bass+£rom-.six.of the nine lakes studied had average mercury 
concentrations above the Canadian guideline for unlimited 
humansconsumption, of 500 ng/g... in one Jake, thew Uc. 


guideline of 1000 ng/g was exceeded. 
6.3.5 Leaching of Aluminum 


' Acidic precipitation has the potential of 
increasing the leaching rate of material from the watershed. 
Aluminum is a major constitutent of the bedrock material in 
the Precambrian area and it tends to be dissolved by acidic 
runoftt; eehedder = reported an average total aluminum 
concentration of 49 ug/l for the study lakes at Dorset. 
Concentrations in streams are typically up to 200 - 300 
ug/l with some measurements exceeding 500 ug/l particularly 


in the spring runoff (Scheider, pers. comm.). 


Laboratory experiments have shown that survival 
of brook trout was reduced to less than 50% after 14 days at 
aluminum .concentrations of 420 and 480 ywg/l, at pH values of 


5.2 and 4.4 ease Wye lery ae 


It appears that the pH and aluminum concentrations 
being observed in the Dorset study lakes during spring 
snow melt fall within the ranges which laboratory experiments 
have shown to be lethalrto- fishy TevisPquice woossiblemtnac 
the observed fish kills and apparently altered age distribution 
of white suckers are due to the combination of pH and 


aluminum. 
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6.3.6 Algal Growth 


The algae growing in acid stressed and acidic 
lakes undergo species changes which are detrimental to the 
recreational use of the lakes and which pose a threat to the 
habitat of some aquatic organisms. For example, lakes with 
reduced pH support a proliferation of algae attached to the 
bottom. The technical term is benthic filamentous algae. 
This algae can coat gravel fish spawning beds making successful 
spawning impossible. Significant growths of these algae 
have been observed in Muskoka-Haliburton lakes such as 


Plastic, Chub and Leonard. 


Another observed change, detrimental to recreational 
activities, is the appearance of an alga called Chrysochromulina 
breviturrita Nich. which is characterized by a severe "rotten 
cabbage" or "garbage dump" odour which has caused lakes to 
be unsuitable for swimming. The alga has reached problem 
concentrations in four lakes in Ontario and one in New 
Hampshire in the past three years. Crosson Lake has experienced 
the problem. Dickie Lake had an extreme problem in 1979 and 
it has had cottagers there for over 20 years with no previous 
observations of the odour.” The odour is so bad that 
residents would likely have remembered had it ever occurred 


before. 
The alga has now been identified at various 


population sizes in over 40 lakes in Ontario, most of which 


have low pH. 
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6.3.7 Amphibians 


In the Muskoka-Haliburton area, densities of several 
species of amphibians decrease with increasing acidity of 
their habitat. Acidic lakes and streams support a smaller 
breeding population of spring peepers (Hyla crucifer) than 
more neutral habitats. Deciduous woodland ponds are the 
typical breeding habitats for Ambystoma Salamanders. However, 
such ponds nave: bean observed in Muskoka-Haliburton to be 
very acidic with pH's as low as 4.3. These acidic ponds are 
now seldom used as breeding sites and thus represent a loss 
of habitat for this species. The hatching success of any 


eggs laid in these habitats is owe 


6.4 Summary of Water Quality Effects 


the, current acid loadings to sparts of the 
Precambrian rock areas of Ontario, and in particular the 
important recreational areas of Muskoka and Haliburton, 
are causing some lakes and rivers to have low PH values for 
a few weeks during spring melt and for several hours or days 
during heavy summer and autumn rains. These lakes are 


regarded as acid-stressed. 


From 60% to 90% of the lakes in the Parry Sound 
Muskoka-Haliburton area (approximately 12,000 to 18,000 
lakes) are sensitive to damage by the short term low pH 
conditions and may also be acidified over a longer period of 


time to the point where no fish survive. 
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Intensive studies on the biological effects of 
the observed water quality damage are being carried out ina 
small number of lakes. Fish kills have been observed in the 
most sensitive study lake. The white sucker population 
appears to be damaged in a less sensitive study lake. A 
complete year class of fish is missing in a third sensitive 
study lake. The pH and aluminum conditions may be the cause 
of the observed fishery conditions. Low pH and coincident 
high concentrations of aluminum have been observed in streams 
at values which laboratory experiments have shown to be 


bethal 7E0n. tiisn. 


Mercury concentrations are elevated in fish from 
lakes with pH below about 6.0. There is reason to suspect 
that increased man-made atmospheric emissions of mercury 
from coal burning, coupled with acidification of precipitation 
and surface waters, will lead to higher mercury concentrations 


in fish and to more lakes being affected. 


Any loss or modification of the quality of sport 
fish is a major concern to the sport fishing industry valued 


at hundreds of millions of dollars per year in Ontario. 
Several study lakes have been observed to have a 
proliferation of algae attached to the bottom. This algae 


poses a threat to fish spawning grounds. 


Some lakes with low pH have experienced problems 


with a foul smelling alga which restricts the recreational 
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use of the lakes. The occurrence of large amounts of this 
alga appears to be a recent phenomenon and appears to be 


related to acid-induced low pH conditions in lakes. 


The evidence of effects of acid deposition on the 
aquatic ecosystem suggests that continued deposition, par- 
ticularly in the absence of sufficient buffering.capactty., 
causes damages and losses, which in the long run, are 


irreversible. 


The acid stressed lakes under study are showing a 
number of examples of biological damage. It is nearly 
certain that similar damage is being experienced by the 
thousands of lakes with similar alkalinity values and hence, 
they are experiencing similar water quality effects of 


acidic runoff in the spring and during heavy rains. 
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SIGNIFICANCE TO ONTARIO OF THE EMISSIONS 


FROM THE 20 POWER PLANTS 
7.1 How the Contributions Are Assessed 


Information about the twenty U.S. power plants 
included in these proceedings is listed in Table 7.1 including: 
the SO, emissions allowed under the current (1979) SIP re- 


gulations*, the proposed increase above the 1979 regulations, 


and an estimate of the actual 1979 SO. iesiones: 


This chapter uses this information to assess the 
significance of the proposed SIP changes to sensitive areas 
of Ontario. The assessment is based on the Ontario Ministry 
of Environment statistical model for the long-term, long- 
range transport of sulphur pollution. The model estimates 
of sulphur, deposited during precipitation (i.e. wet deposition 
of sulphur), have been verified using documented experimental 
results from several monitoring networks for 1977-78. LE 
was found that all model predictions were within a factor of 
two of the observed values and over 60% of the model estimates 


were within 35% of the expected values. 


eee eee ee ee eee 


*Por Docket No. $A-79-l we use August 27, 1976 SIP 
emission limits for the Eastlake and Avon Lake Plants 
(i.e. 1.43 and 1.15 lbs. SO,/MBTU respectively) as 
the base and oppose any rel4xation thereof. 
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2) 
3) 
4) 
5) 
6) 
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10) 
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12) 
13) 
14) 
15) 
16) 
17) 
18) 
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tablew/ il U.S. Coal-Burning Power Plants Proposing an Increase . 
in their SO, Emission Limits 
NOTE: All figures are in thousands of metric tons. 
STATE Amount Proposed Proposed Estimated 
Allowable Increase In Total 1979550 
Under 1979 Emissions Above Emissions Emissions 
Power Plant Regulation Regulation: 
ILLINOIS 
Baldwin 2287 54.4 28321 25129 
INDIANA 
Clifty Creek 46.2 174.5 220.7 2O3e7 
Tanners Creek 2a LUG=G 142.7 85.2 
Michigan City LdnO 84.1 Lois di 62.4 
Culley 1225 50.4 62.9 Glo 
Bailly 13.9 46.6 60.5 58.0 
Stout, Elmer W. 7.6 WZ 2 89.8 44.2 
Warrick 4.3 2) ah, 116.0 20.2 
Mitchell, Dean H. 1336 62.2 75.8 1932 
MICHIGAN 
Cobb 40.3 20.2 60.5 6925 
Campbell 5922 19.5 58.7 57.30 
OHIO 
Muskingham 2350 15055 385.5 340.2 
Cardinal 214.1 68.6 202 as 140.8 
Beckjord 136.0 52 145.2 RI) 
Poston 16.3 16.3 32.6 290 
Bayshore 133 16.2 35.5 2301 
Avon Lake 2620 111.4 137.4 93.0 
_ Eastlake 36.5 131.4 167.9 137.4 
TENNESEE 
Kingston 5130 90.2 141.2 Se Z 
WEST VIRGINIA 
Kammer - G3.6 157413 220.8 136.8 
TOTAL 1257.2 .5635¢ra I 2820.7 2091.3 
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Figure 7.1 Distribution and relative magnitude of the emission inventory for 1979. 
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Circled area represents source strength 
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Figure 7.2 Total annual wet deposition of sulphur (gm/m’/yr) due to all SO, 
emissions shown in Figure 7.1 and including a background 
deposition of 0.2 g/m’/yr to account for sources not in the 
inventory and biogenic suiphur emissions. 
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Acidity in precipitation is caused by the 
hydrogen (i) ion and is due primarly to sulphuric acid 
(HSO,) HLELicyacid (HNO) and ammonium bisulphate 


(NH ,HSO Measurements in eastern North America have 


speed 
shown a high correlation between the concentrations of the 
+, = aA ; sane ; 
iy tons and SO, 10ns present: in preGipitation.~ 
Therefore, while this model deals only with the amount of 


Wet Cepe@sition of sulphur n,ukt ,can.be.junfterned to ibefalso 4 


good indication of the precipitation acidity. 


The model needs an inventory of SO, sources as 
input. The distribution and relative magnitude of points 
in the SO, emission inventory for 1979 are illustrated in 
Figure 7.1. Figure 7.2 shows the calculated total annual 
deposition of sulphur during precipitation from these 
sources. The total annual wet deposition rate is highest 
in the industrial regions of Ohio, West Virgina and 
Pennsylvania where it exceeds 3 g/m*/yr. This deposition 
rate includes a background contribution .rate of 0.2 
g/m” /yr which has been added to the model estimate to 
incorporate the effects of sources not in the model 


inventory, and to account for biogenic sulphur 


2 
emissions. 


Jean Actual 1979 Emissions fandethetervcontributions 


: to Ontario's Wet Deposition 


Figure 7.3 shows the location of the 20 power 


plants proposing an increase in their SO, emission 


= LOT = 


limits. The area of each point source is proportional to 
the magnitude of the actual 1979 SO, emission value.’ The 
contribution to wet deposition due to the actual 1979 
omissions of these power plants as compared to the total 
annual wet deposition of sulphur from all sources is 


displayed ‘in Figure 7.4, as a percentage. The results show 


that. 


The largest contribution from these plants 
occurred in the southern portions of Illinois, 
Indiana and Ohio, near large emitters. 

In the environmentally sensitive Ontario regions 
of Muskoka-Haliburton and Algoma, these plants 
contributed between 2.5 - 6.0% of the sulphur 
deposited in precipitation. 

Column 1 of Table 7.2 summarizes the contribution 
of the 20 plants to the total wet deposition in 


these and other sensitive areas in the Great Lakes 
region. 


1.3. Contiwilbut vons*0ccuirring tr the: Sips 
Had Been Obeyed 


The contributions which would have occurred if 
the 1979 emissions from these 20 plants had been held to 
their legal limits (as prescribed by various current SEP s) 
will now be discussed... Figure 7.5-shows, these contributions, 
and Figure 7.6 shows the percentage difference between 
actual, and SIP-limited cases. The Nee eerenees are calculated 
as follows. Wet deposition values from the case using (a) 
the 1979 SIP-limited reasons from the 20 plants and (b) 
actual 1979 emissions from the rest of the sources in the 
airshed are subtracted from the wet deposition values 


computed in the case where all plants emitted at their 
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Figure 7.3 Distribution and relative magnitude of the 1979 SO, emissions of the U. S. power 
plants proposing an increase in their regulated SO, emission limits. 
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Figure 7.4 Relative contribution (in percent) of the 1979 SO, emission of the 
of the 20 U. S. power plants being studied to the total annual wet 
deposition of sulphur. 
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Table 7.2: Contributions of Wet Sulphur Deposition From 20 U.S. Power Plants Under 
Various Emission Cases to Environmentally Sensitive Areas in 
Canada and the U.S. 


Note: Each column presents data connected with plants' emissions, as described. In all cases, the data are expressed 
as wet deposition percentages, with the normalizing factor being the total wet deposition occurring in 1979 due 
to actual emissions from all sources. 


Note: Model predictions have been verified to be accurate within a factor of 2 with 60% of the estimates being within 
35% of expected values. The range of values given in the text are derived from the figures below. 
Decrease occurring Increase occurring Increase occurring Amount due to Amount due to 
Amount due to if 1979 actual if emissions rise if emissions rise emissions if emissions if 
Sensitive actual 1979 emissions were Erom «1979 SIP from actual 1979 they are held they rise to 
Region emissions reduced to 1979 maximum to levels to proposed at 1979 SIP proposed new 
SIP maximums. proposed maximum. new limits. limits (Colum limits (Colum 
1 minus Colum 1 plus Colum 
2) 4) 
Muskoka- 
Haliburton, 
Ontario 4.5 2e0 3.4 1.4 2.5 529 
Algama, Ont. 3.0 1.3 ore 0-9 Lae oe 39 
_ Lakehead, Ont. To 0.0 ia ay ok 2.6 
Val D'or, Que. Lat 224 2.0 0.8 126 aoe 
Adirondacks, N.Y. 5.5 2.3 4:3 1.9 Ba2 y Re 


West Pennsylvania 11.4 3.4 o.5 5.0 8.0 16.5 
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Figure 7.5 Percentage contribution of the 20 U. S. power plants being studied 
to the total annual wet deposition of sulphur if they emitted the 
amount of SO, allowable under 1979 regulations. 


~ 1106 =- 


Figure 7.6 Difference between the contribution of the 1979 SO, emissions 
and the contribution of the 1979 regulation emissions of the 20 
power plants under consideration (1979 Emissions—1979 
Regulations), shown as a percentage of the 1979 total wet 
deposition of sulphur. 


- 107- 


actual 1979 levels. These differences are divided by the 
values of the latter cases to form a percentage. The 


results ‘show “that: 


‘ In Muskoka-Haliburton, the contribution drops by 
1.5 - 2.5% when the 20 plants obey the current 
Sul eS 


Q 


: In Algoma, the contribution drops by On evade 
when the 20 plants obey the current SIP's. 


: Column 2, Table 7.2 summarizes this analysis for 


other sensitive regions of the northeastern part 
of the continent. 


7-4 Contributions Which Will soecur if Emissions 
Rise to the New Proposed Limits 


Figure 7.7 shows the percentage contrabutcwon Of 

the wet sulphur deposition from these 20 plants which will 
occur if these plants increase their emissions to the new 
proposed SIP limits, while all other sources emit at their 
actual 1979 levels. Figure 7.8 shows the difference between 
two cases; i.e. the one involving emissions occurring at the 
new proposed limit levels and the one involving actual 1979 
emissions. Finally, Figure 7.9 shows the difference between 
two other cases; i.e. the one involving emissions at levels 
occurring. 1£ théemcurrenvteslPY sare obeyed and that occurring 


“at the proposed limited levels. The results show that: 


In Muskoka, emissions from the 20 plants occurring 
at the proposed new limits will account for 4.5.-= 
8.5% of the total from all sources. This is 0.8 - 
1.8% more than the actual 1979 emissions case, and 
2.0 - 4.0% more than the case where current SIP 
limits are obeyed. 


-~ 108 - 


Figure 7.7 Percentage contribution of the 20 power plants under 
consideration to the total annual wet deposition of sulphur if their 
SO, emission is equal to the proposed new limits. 
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Figure 7.9 The difference in contribution between the case in which the 
emissions from the plants reached the proposed limits and for 
the case in which the plants emissions met SIP 1979 Regulation 
limits. Results expressed as a per cent of the 1979 sulphur 
deposition. 


: Similarly, in Algoma the same proposed emissions 
levels account for 3.3 - 5.8% of the total due to 
all sources. This is 0.5 - 1.5% more than the 
actual 1979 emissions case, and 1.6 - 2.8% more 
than the case of obeying the current SIP limits. 


: Columns 3 and 4 of Table 7.2list the analysis 
results for other Sensitive receptor areas. 


Columns 5 and 6 of Table 7.2 show the percent 
contribution to these areas if the new limits were 
reached by the 20 sources, and in comparison, the 


contributions arising from obeying the current 
Si Poco 


7.5 Summary 


Pe asvolear ont this discussion that the 
contribution to Ontario's environmentally sensitive areas by 
the 20 plants in question will more than double if emissions 
rise along with the SIP limits. The contributions in the 
case of the new limits will form a significant part of the 


damage to Ontario's environment. 


It is also clear that enforcement of the original SIP's 
by EPA would reduce the deposition in Ontario and help 


reduce ecological damage. 


While all of this analysis has been performed for 
wet deposition, results would be very similar for dry deposition, 
because the spatial distribution of dry deposition is similar 
to that of wet deposition, and the amounts of wet and dry 


ERA: The dry deposition 


deposition are usually similar. 
component can be modelled, but the estimates cannot be 


verified by field measurements at the present time. 
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ONTARIO'S ACTIVITIES TO REDUCE SO. EMISSIONS 
It is the objective of the Ontario government to 
reduce acid deposition as far as possible. To this end, 
Ontario is protecting its environment and that of its neighbours 
by reducing its own SO. emissions, as well as pressing for a 


reduction from sources in neighbouring provinces and states. 
8.1 Cutbacks of Sources Within Ontario 
8.1.1 .INCOULtLdt Operations, Sudbur 


INCO's Sudbury operations have reduced emissions 
from approximately 2.0 million metric tons per year in L969 
to a maximum of 1.2 million metric tons per year in early 


197 8i. 


Between mid-1978 and early 1980, INCO was under a 
Control Order limiting emissions of SO, to P22 bon 


metric tons per year. 


In May 1980, Ontario re-evaluated the 1978 
control program based -on the need to provide greater controls 
on SO, emissions in order to reduce acid deposition. Consequently, 


the Control Order was amended and a Regulation? issued (see 


EXHIBIT 8.1 
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Publications Under The Regulations Act 


September 20th, [O80 


THE ENVIRONMEN PAE PROTECTION 
NG TOT Tt 


QO). Reg. 712/80. 

Copper Chit Smelter Conples 
Mande = August 27th. ose 
filed — September 2nd, Toso 


ROC.) 419/80 


Copy of an Order-in- Council approved by ter Hon 
our the Cieutenant Governor, dated the 27th day of 
Nupust, V1) 1980. 


The Committee of Council have hac ander consider- 
ation the report of the Honourable the Minister of the 
Environment, wherein he states that, 


WHEREAS acidic precipitation adversely affects the 
hatural environment, including the lakes and rivers, of 
the Province of Ontario; 


Withkeas sulphur dioxide emitted frony non-ferrous 
stuctting operauions is one of the most significant 
Ontario contabutors to the acidic precipitation 
phenomena: 


Witt R&AS Inco Limited’s Copper Cliff Smelter Com- 
ples in Phe Regional Mumeipolity of Sudbury is the 
major source in Onto of sulphur dioxide emissions 
and thus contributes to the level of acidic precipitation 
in Ontario; 


WHEREAS questions have arisen regarding particular 
limits to be pheced on the total amount of sulphur 
dioxide emitted from the Copper Chif Smelter Com- 
plea, 


WHEREAS the particular limits in the appended 
Regulation have been considered by the Executive 
Couned and found to be approprtate, 


The Honourable the Minister of the Environment 
therefore recommends that the appended Regulation be 
made under The Environmental Protection Act, 1971, 
to protect the natural environment of Ontario and to 
remove, at the carbest possible time, any uncertainty as 
to the interim limits which emtssions trom the Copper 
Cliff Smelter Complex will be required to meet while 
studies are going on to determine whether or not any 
lower limits should be imposed, 


The Committee of Counei) concur in the recommen- 
dation of the Honourable the Minister of the Environ- 
ment and advise that the same be acted on. 


14 
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REGULATION MADE UNDER 
THE ENVIRONMENTAL PROTECTION 
AGN toe | 


COPPER CLUFF SMELTER COMPLEX: 


1. This Regulation applies fo taco Limited and. te 
enitssions of sulphur dioxide from the Copper Clit 
Smelter Complex of Ineo danated im Uhe Regional 


Muntetpalty of Sudbury) © Rey. 712/80, 8 3 


? 


oe 


In this Regulation, 
(a) “ton” means a short ton; 


(b) “working day” means anv day on which « 
process untt of the Copper Clitt Smelter Com 
plex recetves sulphur-bearny process feed 
material and emits any sulphur dioxide to the 
atmosphere. O. Reg. 712/80, s. 2. 


3.-- (1) Emissions during each of the four periods, 
each beyinning on the day this Regulation ts fled and 
respectively ending at the end of the third and fourth 
calendar quarters of 1980, and the first and second 
calendar quarters of 1981, shall not exceed, in the aver- 
age, 2500 tons per working day. 

(2) Emissions during each twelve-month period 
respectively ending at the end of the third and fourth 
calendar quarters of 1981, cach calendar quarter ot 
1982 and the first three calendar quarters of 1983, shall 
not excced, in the average, 2500 tons per working day 

(3) Emissions during each twelve-month period 
ending at the end of the fourth calendar quarter of 1Us$ 
and each calendar quarter thereafter shall nut exceed, 
in the average, 1950 tons per working cay. 


(4) For purposes of subsections 1, 2 and 4, the 
amount of sulphur dioxide enutted on any working diy 
for which an accurate record is kept shall be the amount 
so recorded and for which an accurate record ts not kept 
shall be deemed to be the greater of, 


(a) the number of tons that can be established to 
have been emitted; or 


(b) 2500 tons for a working day up to the 3st day 
of December, 1982 and 1950 tons for a work- 
ing day after the 31st day of December, 1982. 


(S) Where, in the average, emissions exceed 2500 
tons per working day with respect to any period referred 
to in subsection 1, there shall be deemed to be neo 
contravention of subsection | in respect of that pertod 
if, in the average, emissions per working day for a 


period of twelve months cnding at (he end of that period 
do not exceed 2500 tons. Oo Reg. 712/80, 8. 4. 


Exhibit 8.1) which in combination with the control order 


required INCO to: 


(a) 


(c) 


Limit SO. emissions from INCO's Copper Cliff 
Complex to a maximum of 833,000 metric tons per 


year. 


Limit SO, emissions from INCO's Iron Ore Recovery 
plant so that they do not exceed an average of 
83,300 metric fone per year. This average will be 
computed quarterly over a 12-month production 


period. 


Submit by December 31, 1980, a report detailing 
the facilities and the implementation schedule 
necessary to Limit SO, emissions from the INCO 
Copper Cliff smelter to 647,000 metric tons per 
year. These facilities are to be in place by 


December 31, 1982. 


Continue the existing program designed to bring 

all low level emissions from the company's nickel 
refinery into compliance with provincial standards 
as set out in Ontario's Environmental Protection 
Act. The company must complete installation of 

the necessary facilities and have these in operation 


by wWecember Ss lar oe2. 


These limits are of an interim nature. When the 
results of investigations are known in 1983 these emission 


limits will be cut further to significantly lower values. 


In summary, INCO's emissions have decreased under 
Government programs by more than 58 per cent since 1969, and 
they are being reduced by another 22 per cent by the end of 


les bepeage 


Go 1.2, 0 Balconbridge Nickel Mines Limited 


Falconbridge Nickel Mines, Ltd. operates a 
smelter in Nickel Centre Ontario (near Sudbuny) .i21ni 19699 
their emissions of SO, were about 343,000 metric tons per 


year. 


The first Falconbridge Control Order was issued 
on November 29, 1969. It required a 55% reduction of SO. 
emissions by December 31, 1975, or a cutback from 343,000 to 


155,000 metric tons per year. 


Due to the failure of the planned technology, 
a new Control Order was issued in 1973 allowing for emissions 
to be reduced to 220,000 metric tons per year by December 
31, 1976 and 155,000 metric tons per year by May 31, 1979. 
This was further altered in July of 1977 allowing for an 
emission level of 280,000 metric tons per year until May 3l, 
1979, followed by a reduction to 155,000 metric tons per 


year thereafter. 


ay tee 


By the end of 1979, Falconbridge had successfully 
completed the installation and commissioning of its new 
equipment to reduce so, emissions. Their actual emissions 


that year were 89,000 metric tons due to abnormally low 


_ Operations levels. 


In summary, Falconbridge has reduced SO. 


emissions by at least 55% between 1969 and the present. 


Slo. - Ontarzro -Hyano 


Ontario Hydro's coal-fired plants together form 
the second largest emmitter of sO, in the Province. (See 
Table 8.1)@° On) January? 2670 19381 ,.the Ontario government 
issued a Regulation whieh places annual limits on atmospheric 
emissions from Hydro's power system. (Copy attached as 
Exhibit 8.2). As a result of this Regulation, Hydro will 
immediately begin implementing control activities. Due to 
the massive size of Hydro's generating facilities and the 
complexity of the steps to be taken, considerable lead time 
will be required before the control facilities can become 


fully operational. 


the first part of the Regulation will limit SO., 
emissions to 390,000 metric tons per year beginning in 1985. 
By 1990, when most of the control measures are fully 
operational, the limit will drop to a permanent ceiling of 


260,000 metric tons of SO, per year. 
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NOTE: 


TABLE 8.1 


SULPHUR DIOXIDE EMISSIONS FROM ONTARIO 
HYDRO THERMAL GENERATING STATIONS 


HYDRO. G.S. 


LAMBTON 


Sarnia, Ontario 


NANTICOKE 


Nanticoke, Ontario 


LAKEVIEW 


Mississauga, Ontario 


HEARN 


Toronto, Ontario 


THUNDER BAY 


Thunder Bay, Ontario 


LENNOX 


Bath, Ontario 


nn aU SE EnE SENSE ERERESnnnRS 


TOTAL 


19°79 


(METRIC TONS) 


160,250 
155,080 
914,345 
LO71L90 
ae 


LOFOLO 


436,910 
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All stations are coal-fired, except for Hearn, 
which operates partially on coal and partially 


on gas, 


and Lennox, 


ae Bt So ai 


which is oil-fired. 


EXHIBIT 8.2 


THE ENVIRONMENTAL PROTECTION 
ACT 


O. Reg. 73/81. 
Ontario Hydro. 
Made— February 17th, 1981, 
Filed—- February t7th, Ost, 


REGULATION MADE UNDER 
THE ENVIRONMENTAL PROTECTION 
ACT, 1971 


ONTARIO TEY DRO 


[. Emissions of sulphur dioxide from the fossil- 
fucled clectric generitiag stations of Ontario Hydro 
shall not exceed. in the aggresate, 390 kilotonnes in the 
calendar vear 1986, 1987, 1988 or 1989. O. Reg. 73/ 


Silly ese else 


2. Emissions of sulphur dioxide from. the fossil- 
fucled electric generating stations of Ontario Hydro 
shall not exceed. in the aggregate, 260 kilotonnes in any 
calendar vear after 1989, O. Reg. 73/81, s. 2. 


3. Emissions of nitric oxide from the fossil-fueled 
electric generating stations of Ontario Hydro shall not 
exceed, in the aggregate, sixty kilotonnes in the calen- 
darvear L986, 1987. L988 or 1989, O, Reg. 73/81, s, 3. 


4. Emissions of nitric oxide from the tossil-fueled 
electric cenerating stations of Ontario Hydro shall not 
exceed, in the aggregate, forty kilotonnes in any calen- 
dar vear after 1989. QO. Reg 73/s81t. s. 4. 


(6738) 10 


THE ONTARIO GAZETTE 


120 


QO. Reg. 75/81 


827 
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For comparison, Hydro's emissions were 437,000 
metric tons in 1979, and 410,000 metric tons in 1980. They 
are projected to be about 509,000 tons in 1981. Taking the 
average of these figures as the measure of Hydro's current 
level of activity, its emissions average about 452,000 
metric tons per year. Therefore, the reduction in 1990 will 


be about 43 per cent from current levels. 


In addition, the Regulation will require Hydro 
to install low NO, burners at.its larger coal-fired stations. 
This action should result in a maximum of roughly 60,000 
metric tons of NO, in 1985, and about 40,000 metric tons nie) 
1990. This amount will decline further between 1985 and 
1990 because less coal-fired generation willt be occurring at 


the end of this decade. 


Ontario Hydro has also been asked to investigate 
the implementation of a new operating philosophy, designed 
to minimize atmospheric emissions from Hydro's three biggest 
coal-fired stations--Nanticoke, Lambton and Lakeview. These 
three plants account for more than 90 percent of Hydro's SO. 


emissions. 


The name of the operating philosophy is the Least 
Emissions Dispatching System (Li Ex DseS¢)scaThisiconcept is 
being considered by the U-S. Government. If implemented, it 


would lead to significant reductions in emissions from 


Sto = 


existing plants, without the use of ‘any additional pollution 
control equipment or special fuels. Under the L.E.D.S. 
philosophy, a utility generates power from its "cleanest" 
plants first, and its "dirtiest" plants last. This ensures 
that plants already having pollution control measures are 


utilized fully, and not allowed to stand idle. 


Ontario Hydro has complied with this request and 
will shortly be producing a report. At that time, a decision 


will be made as to whether L.E.D.S. should be implemented. 


8.2 Negotiation of Agreement Leading to Abatement 


on August 5, 1980 the Federal Governments of 
Canada and the United States signed the "Memorandum of 
Intent". Ontario is represented on all Work Groups which 
were formed as a consequence of this action, and is playing 
a Significant role in the formulation of reports coming from 


these work groups. 


All committees were charged with the 
responsibility of preparing and submitting interim reports 
by January 15, 1981 and first reports by May 1981. These 
reports are to form the basis for negotiations scheduled to 
start late in 1981. The committees are to produce final. 


reports by January 1982. 
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As part of the technical input ‘to these 


activities, Ontario is contributing the knowledge and 


expertise it has developed in its major environmental program, 


already underway, entitled the "Acidic Precipitation In 


Ontario Study" (A.P.1.0.S.) which has the following objectives: 


(1) 


(2) 


(3) 


(4) 


>) 


To identify and quantify by means of field in- 
vestigations Ontario's contribution to the atmospheric 
burden of SO. as well as the long range component 


of this burden; 


To develop atmospheric transport models and use 
them to determine how sources of SO, are impacting 


on sensitive ecological areas; 


To quantify the deposition of acidic substances in 


Ontario; 


To assess the terrestrial and aquatic significance 


of the deposition of acidic substances in Ontario; 


To assess socio-economic impacts and options to 
deal with the phenomenon from the perspective of 


costs and benefits. 


The results of A.P.I.0.5. are also being used to 


formulate policies in Ontario and in Canada. 
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8.3 Interim Activities 


Ontario has enforced in the past, is currently enforcing 
and will continue to enforce vigorously its existing regulations. 
Additionally, Ontario has proceeded with an aggressive | 
program to identify major emission sources which contribute 
to acid deposition. This program is expanding, updating, 
and refining the scientific and engineering data base. As 
these results become available, Ontario is issuing and 
enforcing new regulations which will further reduce so, 


emissions. 


On the international front, Ontario is undertaking 


five actions. 


First, the Ontario government is participating 
wholeheartedly in the Canada-United States Working Groups 
on acid deposition. These scientific groups are laying the 
foundation for the urgently needed air quality agreement 


with our American neighbours. 


Second, Ontario is pressing the U.S. government 
to enforce vigorously its existing sO. emission standards, 
as set out in the various State Implementation Plans. This 


submission comprises one part of this activity. 
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Third, we are urging adequate evaluation of the 
cumulative effects of any proposed SIP revisions on Ontario 


and other provinces. 


Fourth, the government of Ontario is opposing any 
actions by the U.S. and State governments which relax the 


existing SIP requirements. 


Fifth, Ontario seeks to participate in any U.S. 
proceedings which coula effect, as a result of long range 


transport, our environmental quality. 


Ontario is undertaking these five actions because 

its leadership in reducing acid deposition within its 
jurisdiction will be of little consequence unless other 
jurisdictions follow this lead, due to the nature of the 
problem, that is, the transboundary exchange of pollutants 
between Canada and the United States. Canada receives two 
to four times the amount of so, from the U.S. than it sends 
to the U.S., and the NO, exchange is 11 times greater from 


the United States to at ae 


A review of emission trends from U.S. sources 
over the past forty years Clarifies and substantiates this 
statement. First and foremost, SO. emissions have increased 


by about forty percent. Although sO, emissions have decreased 


=— 225 = 


from most economic sectors during this Hated: the electric 
utility sector's emissions increased by more than a factor 
of six during this same period.? Second, the increase in 
SO, emissions from this one sector occurred concurrently 
with a substantial increase (by approximately a factor of 
five) vk Chey Seach, Meront viol Guiad cy sources.* dip ay aCe SO, 
emissions from coal burning changed from a wintertime peak 

to a more level rate throughout the year, with a small peak 

in the summer emission rate.” Fourth, the precursor emissions 
for photochemical oxidants increased markedly during this | 
time. > In the earlier parts of this century, photochemical 
smog was hardly recognizable as a problem. Now, however, 
photochemically-produced oxidants frequently blanket the 
continental Northeast during the summer months. ° lg 8 


total NO, emissions approximately quadrupled during this 


period. ? 


These trends suggest a Situation in which the 
atmosphere has become chemically more reactive. Simultaneously, 
greater quantities of acid-forming precursors are being 
added to the atmosphere. Further, a substantially greater 
quantity of these emissions is now injected high into the 
mixed layer where the emissions and their reaction products 
have much longer residence times as they travel to areas 


remote from their points of origin. 


In Ontario, there is firm scientific evidence 


that if these emissions of sulphur dioxide continue, or 
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increase, the resultant acidic pollutants are threatening to 
kill aquatic life in thousands of Ontario lakes and waterways 
within the brief span of another 10 to 20 years. Serious 
concern also exists that damage to terrestrial life forms 


may also occur, and that man-made structures will be impacted. 


With the substantial increase in the use of coal 
as a source of energy in the United States, and the projected 
increases in SO. and NO. emissions in the U.S. between now 
and the year 2000, controls to reduce existing U.Siiutility 
emissions are vital to the protection of Ontario's environment 
and that of Eastern Canada. The United States SO. emissions 
from power utilities are estimated at 18.6 million metric 
tons aun uadil yee accounting for roughly two-thirds of total 
so. emissions--compared with total so, power eae emissions 


in Canada of 700,000 metric tons annually. 


In summary, because transboundary pollution is of 
critical concern to Ontario and Canada's eastern provinces, 
there is an immediate need to reduce the emissions of these 
serious pollutants from existing U.S. power plants as well 
as the hundreds of new plants which are expected to be built 


in the United States during the next two decades. 
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REMEDIES SOUGHT 


ONTARIO, THEREFORE, URGES: 
9.1. (a) That the Administrator disapprove any SIP revisions 
in those proceedings which would result in any 


increase of permissible emissions of SO, - 


(b) That the Administrator reconsider any SIP revisions 
already approved in these proceedings which result 
in any increase of permissible emissions of sO, 


and disapprove such revisions. 


(c) That, the Administrator disapprove any future SIP 
revisions allowing increased sO. emissions which 


he may be called upon to consider. 


9.2 That, in the event that the Administrator does not 
disapprove such revisions, he should, prior to 
making a decision, reopen and Pe AeOaaare these 
proceedings and evaluate the cumulative effect of 
Such revisions on Ontario and other Provinces and 
he should permit Ontario to participate in such 
reopened proceedings. Included in any such 
evaluation and consolidation should be any other 
SIP revisions which involve relaxations of SO. 


emissions that the Administrator may be called 


od © 


upon to consider. 


That, in any event, the Administrator take all 
steps necessary to assure effective enforcement of 


existing SO, emission standards. 
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— APPENDIX 2 a! 


THE PROVINCE OF ONTARIO 


A Submission to the 
United States Environmental Protection Agency 
Hearings on Interstate Pollution Abatement 


Washington, D.C. 
June 19, 1981 


oe Hon. Keith C. Norton, Q.C., 
' Ministry Seat 
VW of the 
se Graham W. S. Scott, Q.C., 
Environment Deputy Minister 


Ontario 
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REPRESENTATIVES OF THE UNTARIO MINISTRY OF THE 
ENVIRONMENT PRESENTED TECHNICAL EVIDENCE ON TRANSBOUNDARY AIR 
POLLUTION TO A HEARING PANEL OF THE UNITED STATES 
ENVIRONMENTAL PROTECTION AGENCY IN WASHINGTON, D-C-, ON JUNE 
19, 1981. 


THe ONTARIO PRESENTATION HAD TWO MAIN THRUSTS: 


1. To ILLUSTRATE THE EFFECTS OF TRANSBOUNDARY POLLUTION 
on THE New YorK, PENNSYLVANIA AND ONTARIO REGIONS: 

9. To DISCUSS UNTARIO'S EXPERIENCES IN CONSIDERING AND 
CONTROLLING AGGREGATED SU. SOURCES IN RELATION TO 
TRANSBOUNDARY POLLUTION, AND TO SHOW HOW ONTARIO HAS 
USED LONG-RANGE TRANSPORT MODELLING IN THE 


CONSIDERATION AND CONTROL PROCESS» 


DETAILED, WRITTEN EVIDENCE WAS TO BE PROVIDED TO THE 


EPA py Aucust, 198l- 


CONTENTS 


G«W- Se OCOTT SU. CHEPUT YONI IS TER? 

“OVERVIEW OF ONTARIO’S POSITION WITH RESPECT TO THESE 
HEARINGS” 

Bruce TerRRIS (ATTORNEY TO THE MINISTRY) 

“COMMENTS ON HOW THE INFORMATION IN THIS HEARING 
SHOULD BE EMPLOYED IN RULEMAKING” 

UR» E-W- PICHE (Co-oRDINATOR, ONTARIO AcID DEPOSITION 
PROGRAM) | ' 

"A Brier DESCRIPTION OF How ONTARIO DYNAMICALLY 
INTEGRATES PoLICY AND RULEMAKING WITH INFORMATION 
GATHERING IN REGARD TO TRANSBOUNDARY AIR POLLUTION” 
Lou SHENFELD (Supervisor, AIR QUALITY AND METEOROLOGY 
SECTION OF THE AIR RESOURCES BRANCH) 

"CASE HISTORIES OF TRANSBOUNDARY AIR POLLUTION: THE 
DEVELOPMENT OF EVIDENCE” 

UR» Tom BrypGes (SUPERVISOR, LIMNOLOGY SECTION OF THE 
WATER RESOURCES BRANCH) 

"THe Use of Lake Studies IN MEASURING ATMOSPHERIC 
POLLUTION” 

UR- GREGG VAN VOLKENBURGH (Director, AiR RESOURCES 
BRANCH) 

"WHAT MODELLING TELLS Us aBouT UNTARIO, New YoRK AND 


PENNSYLVANIA [TRANSBOUNDARY AIR POLLUTION” 


J. GeWeS. ScoTT, 0-0» (Deputy, MINISTER) 

a) “How Our DECISION-MAKING EMPLOYS AVAILABLE 
Evipence, INCLUDING MODELLING” 

B) “SUMMARY OF RECOMMENDATIONS” 
(THE PRESENTATION ALSO INCLUDED ILLUSTRATED COMMENTS 
AND A FILM BY DR- WALTER LYONS, CONSULTANT TO THE 
MintstrY - “A DESCRIPTION OF ATMOSPHERIC PROCESSES, 
METEOROLOGICAL PATTERNS AND PoLLUTION EPISODES 
AFFECTING ONTARIO, PENNSYLVANIA, AND New YORK: THE 


DEVELOPMENT OF EVIDENCE’ ) 
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GRAHAM W-S- ScoTT, Q-C- 
Deputy MINISTER 


THe ONTARIO MINISTRY OF THE ENVIRONMENT 


NOTES ON 


TRANSBOUNDARY AIR POLLUTION 


HEARINGS ON INTERSTATE POLLUTION ABATEMENT 


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 


WASHINGTON, D-C- 


June 19TH, 1981 


For RELEASE AT 6:U0 P-M- 


Mr» CHAIRMAN, MEMBERS OF THE PANEL: 


As A FRIEND AND CLOSE NEIGHBOUR OF THE AMERICAN PEOPLE, 
ONTARIO WELCOMES THIS OPPORTUNITY TO PARTICIPATE IN THESE 


PROCEEDINGS: 


OUR APPEARANCE HERE TODAY IS SOMETHING OF AT eCRECEOEN Ir 
IT 18 NOT COMMON FOR A DELEGATION FROM A PROVINCIAL 
GOVERNMENT TO APPEAR BEFORE ADMINISTRATIVE PROCEEDINGS IN 
ANOTHER COUNTRY: BUT THE MUTUAL PROBLEMS WHICH PACER US BOTT 
CALL FOR NEW APPROACHES AND BRING INTO QUESTION TRADITIONAL 
WAYS OF THINKING» ONTARIO IS AWARE, TOO, THAT THIS HEARING 
REPRESENTS A NEW DEPARTURE FOR THE ENVIRONMENTAL PROTECTION 
AGENCY IN THAT FORTHE FIRST TIME IT ADDRESSES THE QUESTION 
OF AGGREGATE IMPACT FROM A NUMBER OF POLLUTION SOURCES: WE 
FEEL THIS NEW INITIATIVE BY EPA TS BSSENTIAL IF THEY ARE 10 
MOVE TOWARDS A SUBSTANTIAL PROGRAM TO REDUCE EMISSIONS IN 


SEVERAL STATES- 


Tue U-S- LEGISLATORS WHO ENACTED SECTION 115 oF THE 
CLEAN AIR ACT IN ITS ORIGINAL FORM IN 1970 SHOWED GREAT 
FORESIGHT IN ADDRESSING TRANSBOUNDARY ATR POLLUTION- 

CONGRESS RECOGNIZED THE INCREASING SEVERITY OF THE PROBLEM IN 
1977 BY AMENDING THE PROVISION TO MAKE IT MORE EFFECTIVELY 


ENFORCEABLE: 


OuR PRESENTATION THIS EVENING OFFERS EVIDENCE RELEVANT 


TO PETITIONS BY NEW YORK AND PENNSYLVANIA AND HAS SEVERAL 


OBJECTIVES: 


l- TO DEMONSTRATE THAT U-S- INDUSTRIAL EMISSIONS 


INCLUDING S09 AND PARTICULATES ARE BEING TRANSPORTED 
THROUGH A LARGE AIRSHED WHICH INCLUDE AREAS OF NEW 


YorK AND PENNSYLVANIA AND ONTARIO; 


TO SHOW THE EFFECT OF THE TRANSPORTED MATERIAL ON THE 


ENVIRONMENT 3 


TO INDICATE HOW ONTARIO IS DEALING WITH THE PROBLEM 


WITHIN ITS JURISDICTION; 


TO CONVEY TO YOU OUR VIEW THAT THERE IS NEED TO 

RETHINK THE CURRENT REGULATORY MECHANISMS DEALING 

WITH INDUSTRIAL POLLUTANTS AND TO CONSIDER THE 

FOLLOWING ISSUES: 

(A) MULTIPLE VS+ SINGLE POINT SOURCES; 

(B) LONGER-RANGE AS WELL AS SHORT~RANGE TRANSPORT; 

(c) THE CONNECTION BETWEEN PRIMARY AND SECONDARY 
POLLUTANTS 3 | 


(p) TRANSBOUNDARY POLLUTION: 


5+ TO PROPOSE A LEGAL FRAMEWORK FOR THE RESOLUTION OF 
PROBLEMS COVERED BY THIS HEARING AND OTHER ASSOCIATED 


TRANSBOUNDARY PROBLEMS ; 


b+ TO.RPERSUADE YOU TO) TMPLEMENT. A. POLICY, WHICH 
(A) ENCOURAGES VIGOROUS ENFORCEMENT OF CURRENT 
REGULATIONS; 
(B) DISCOURAGES ANY RELAXATION IN THESE REGULATIONS} 
CO}PACHIEVES REDUCTION. IN EMISSIONS WHICH WE “BEL TEVE 


TO Be, NECESSARY 


CANADIAN PROVINCES ARE RESPONSIBLE FOR MANAGING THEIR 
OWN AIR QUALITY AND UNTARIO HAS DEVELOPED ITS OWN AMBIENT AIR 


QUALITY CRITERIA AND REGULATORY FRAMEWORK - 


A LOOK AT THE MAP SHOWS THAT ONTARIO IS WEDGED BETWEEN A 
GROUP OF STATES WHICH ARE HIGHLY INDUSTRIALIZED- WIND 
DIRECTIONS INTO AND ACROSS UNTARIO HAVE A WESTERLY 
PREVALENCE AIR MASSES HEAVILY LADENED WITH INDUSTRIAL 
EMISSIONS AND OFTEN RESULTING IN PRECIPITATION IN UNTARIO 


FREQUENTLY ORIGINATE FROM THE SOUTH AND SOUTHWEST: 


QUR PRESENCE HERE UNDERLINES OUR VIEW THAT 
ATMOSPHERICALLY BORNE POLLUTANTS LIKE 309 ARE A PROBLEM WHICH 


INVOLVES US ALL 


AIRSHEDS CAN NO LONGER BE CONSIDERED AS AN ENTITY WITH 
LOCALIZED BOUNDARIES AND SUBJECT TO MANAGEMENT BASED ON A 
LOCAL RATIONALE IN THE CASE OF ATMOSPHERICALLY CONVEYED 
POLLUTANTS WE SHARE A COMMON AIRSHED= THUS, POLLUTION 
CONTROL TO PROTECT THE NORTH AMERICAN ENVIRONMENT MUST BE A 


SHARED RESPONSIBILITY AND COMMITMENT: 


CLEARLY ONTARIO HAS A REAL INTEREST IN THESE 
PROCEEDINGS: .ONE NEEDS ONLY TO CONSIDER THE DAMAGE ALREADY 
DONE TO OUR RECREATIONAL AREAS AND AGRICULTURAL ZONES WHICH 
ARE SENSITIVE TO ATMOSPHERIC POLLUTANTS: IF FUTURE DAMAGE IS 
TO BE PREVENTED THEN A REDUCTION OF EMISSIONS IS NEEDED ON AN 


EASTERN NORTH AMERICAN BASIS- 


WE UNDERSTAND THAT THE HEARINGS ARE BEING CONDUCTED 
UNDER THE AUTHORITY OF SECTION 136 oF THE CLEAN AIR ACT- 
THIS PROVIDES A MECHANISM FOR ANY STATE, IN THIS CASE NEW 
YORK AND PENNSYLVANIA, TO PETITION THE EPA TO DETERMINE 
WHETHER A MAJOR POLLUTION SOURCE IN ANOTHER STATE IS CAUSING 
AN INTERSTATE POLLUTION PROBLEM: ITHE HEARING NOTICE ALSO 
INDICATES THAT EPA UNDER SECTION 126 CAN ONLY REGULATE 
EMISSIONS SHOWN TO PREVENT ATTAINMENT OR MAINTENANCE OF A 
NATIONAL STANDARD OR INTERFERE WITH MEASURES TO PREVENT 


SIGNIFICANT DETERIORATION OR PROTECT VISIBILITY> 


THE SCOPE OF THE HEARING AS DEFINED BY THESE TERMS OF 
REFERENCE IS THEREFORE LIMITED TO SUy TOTAL SUSPENDED 
PARTICULATES AND VISIBILITY WITH REFERENCE TO THE PETITIONING 
STATES, NEW YORK AND PENNSYLVANIA. THESE TERMS OF REFERENCE 
DO NOT PROVIDE AN OPPORTUNITY FOR US TO MAKE OUR FULL CASE 
WITH RESPECT TO TRANSBOUNDARY POLLUTION AND IN PARTICULAR 
ACID PRECIPITATION AND ITS EFFECTS ON ONTARIO- WE ALSO 
UNDERSTAND THAT THE EPA REGARDS THESE PROCEEDINGS UNDER 
SECTION 126 AS BEING ENTIRELY SEPARATE FROM SEVERAL PROPOSED 
STATE IMPLEMENTATION PLANS AMENDMENTS NOW UNDER CONSIDERATION 
py EPA AND IN RESPECT OF WHICH UNTARIO HAS FILED SUBMISSIONS: . 
WE DO NOT SEE HOW THESE MATTERS CAN, IN PRACTICE, BE TREATED 
IN ISOLATION FROM EACH OTHER SINCE THE SO) EMISSTONS FROM THE 


SAME SOURCES ARE AN ISSUE IN EACH CASE- 


BASED ON OUR SCIENTIFIC EXPERIENCE WE FEEL THAT THERE !S 
A CLEAR NEED TO TAKE AN INTEGRATED AND BROAD VIEW OF THE MANY 
ASPECTS OF THE PROBLEM OF LONG-RANGE TRANSPORT OF ATMOSPHERIC 
POLLUTANTS: FOR THIS REASON WE FILED WITH EPA on May 28, 
1981, a Request “THAT EPA EXPAND THE SCOPE OF THE HEARINGS IT 
HAS ANNOUNCED UNDER SECTION 126 oF THE CLEAN AIR ACT TO 
INCLUDE CLOSELY RELATED INFORMATION THAT IS RELEVANT TO THE 
AGENCY'S OBLIGATIONS UNDER SeEcTION 115 oF THE CLEAN AIR 


4 
e 
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WE LEARNED AT THE OUTSET OF THESE HEARINGS THAT THIS 


REQUEST HAS BEEN REJECTED: 


FYEN GIVEN OUR PROBLEM WITH THE TERMS OF REFERENCE OUR 
EVIDENCE IS RELEVANT TO THE IMPACT ON NEw YORK AND 
PENNSYLVANIA+s WE HAVE DIRECTED OUR TESTIMONY TOWARDS THE 
ISSUES ON WHICH COMMENT IS INVITED IN THE FEDERAL REGISTER 
Notice- THIS INCLUDES QUESTIONS OF WHETHER THE SOURCES 
IDENTIFIED RESULT IN UNACCEPTABLE INTERSTATE IMPACT, WHETHER 
THE EFFECTS OF THESE SOURCES SHOULD BE CONSIDERED IN THE 
AGGREGATE, WHETHER LONG-RANGE MODELS ARE AVAILABLE AND HOW 
THE MODELS CAN BE USED- AS MUCH AS POSSIBLE OUR EVIDENCE 
DEALS WITH THE IMPACT OF SULFUR DIOXIDE, PARTICULATE AND 


VISIBILITY ON THE STATES OF NEw YORK AND PENNSYLVANIA>: 


Fork SEVERAL DECADES, UNTARIO HAS BEEN WELL AWARE OF 
DAMAGE TO VEGETATION AND SURFACE WATERS CAUSED BY SO? IN THE 
AREA AROUND SUDBURY: HIGH AMBIENT S09 CONCENTRATIONS CAUSED 
BY NONTFERROUS SMELTERS HAVE DESTROYED FORESTS: |HE 
ACIDIFYING EFFECT OF S09 AS IT REACTS DIRECTLY WITH SURFACE | 
WATERS OR INDIRECTLY WITH MOISTURE IN THE AIR AND IS THEN 
DEPOSITED, HAS ALTERED SURFACE WATER CHEMISTRY AND LED 10 THE 
DESTRUCTION OF FISH POPULATIONS IN NUMEROUS LAKES IN THE 
AREA- THE ENVIRONMENTAL DAMAGE HAS BEEN WELL STUDIED AND THE 


CASE IS WELL-KNOWN AS AN EXAMPLE OF S09 DAMAGE» 


NON-FERROUS SMELTERS HAVE OPERATED IN SUDBURY SINCE THE 
LATE, «1 880.55 «ONG -COMBANY- EN, THE -+ARE Ay © (NGO HeLMERED pulS THE 


LARGEST POINT SOURCE OF 309 IN; TH Gee On ee 


IN THE 196U's, ONTARIO GOVERNMENT CONTROL ORDERS 
REQUIRED THE REDUCTION OF SU» EMISSIONS AND THE CONSTRUCTION 
OF THE WORLD'S HIGHEST STACK TO DISPERSE THE REMAINING SU)- 
Topay S09 EMISSIONS HAVE BEEN REDUCED BY SOME 5U4 AND PLANT 
EMISSIONS ARE FURTHER CONTROLLED AS A FUNCTION OF WEATHER 


CONDITIONS- 


In SUDBURY, AS IN OTHER PARTS OF NORTH AMERICA, HIGH 
STACKS FOR DISPERSION PURPOSES WERE AN ACCEPTABLE APPROACH TO 


ADDRESS LOCAL AMBIENT AIR NEEDS - : 


In THE U-S-, MORE THAN 175. SMOKE STACKS EXCEEDING 500 
FEET HAVE BEEN CONSTRUCTED SINCE 19/U- Att BuT 8 ARE AT 
POWER PLANTS WITH EMISSIONS WHICH CAN CONTRIBUTE TO 


VISIBILITY DETERIORATION AND ACID DEPOSITION IN DISTANT AREAS 
(PER Gevio i. 


[In 1975, UNTARIO BEGAN A DETAILED STUDY OF LAKES IN THE 
DORSET AREA WITH THE OBJECTIVE OF DETERMINING THE EFFECTS OF 
COTTAGE DEVELOPMENT ON WATER QUALITY+ WITHIN THE FIRST YEAR 
OF THE STUDY IT WAS LEARNED THAT ATMOSPHERIC ACID LOADINGS TO 
THE LAKES WERE ELEVATED AND THAT SURFACE WATER QUALITY WAS 


BEING AFFECTED: 


THE AREA IS REMOTE FROM SOURCES OF SO > AND LIES IN 
PRECAMBRIAN SHIELD BEDROCK-. THE BEDROCK AND THIN SOILS AND 
SURFACE WATERS HAVE MUCH LESS CAPACITY TO NEUTRALIZE ACIDS 
THAN THE ALKALINE SOILS OF SOUTHERN UNTARIO- THE GEOLOGY OF 
THE AREA IS SIMILAR TO THE ADIRONDACK MOUNTAINS IN New YORK 
WHERE LAKES HAVE BEEN ACIDIFIED AND FISH POPULATIONS LOST IN 


THE PAST FEW DECADES: 


THE POSSIBILITY IMMEDIATELY AROSE THAT THE SUDBURY 
EMISSIONS OF SO) WERE SIMPLY BEING DEPOSITED FURTHER AFIELD: 
VATA WHICH WILL BE DISCUSSED IN DETAIL LATER RESOLVED THAT 


PARTICULAR ISSUE: 


PRECIPITATION DATA HAS INDICATED THAT 7U-85% OF THE 
SULFUR BEING DEPOSITED IN THE DORSET AREA ORIGINATED IN THE 


SOUTH AND SOUTHWEST: 


IT WAS THEREFORE FULLY ESTABLISHED THAT THE LONG~RANGE 
TRANSPORT AND DEPOSITION OF POLLUTANTS AND RESULTING SURFACE 
WATER QUALITY EFFECTS ARE WELL~DOCUMENTED IN EUROPE AND ARE.A 


REALITY IN UNTARIO- 


IN LIGHT OF THESE REALIZATIONS WE BECAME AWARE OF THE 
NEED TO LOOK BEYOND OUR OWN BOUNDARY TO DEVELOP THE NECESSARY 
COMPREHENSIVE APPROACH TO THIS PROBLEM: IN CO-OPERATION WITH 
THE FEDERAL GOVERNMENT WE DIRECTED CONSIDERABLE RESOURCES 


INTO WORKING ON AN INTERNATIONAL SOLUTION: 


THE FIRST CONSTRUCTIVE STEP WAS THE MEMORANDUM OF INTENT 
ON TRANSBOUNDARY AIR POLLUTION SIGNED oN AuGusT 5, 198U, 
WHICH COMMITTED BOTH NATIONS TO RESIST EMISSION INCREASES AND 
TO BRING ABOUT REDUCTIONS WHERE POSSIBLE, PENDING CONCLUSION 


OF A COMPREHENSIVE INTERNATIONAL AGREEMENT - 


UNDER THIS DOCUMENT, BOTH THE U-S- AND CANADA UNDERTOOK 
TO TAKE CERTAIN INTERIM ACTIONS. THESE INCLUDED THE 
DEVELOPMENT OF AIR POLLUTION CONTROL STRATEGIES AND THE 
VIGOROUS ENFORCEMENT OF EXISTING LAWS AND REGULATIONS “IN A 
WAY WHICH IS RESPONSIVE TO THE PROBLEMS OF TRANSBOUNDARY AIR 


POLLUTION = 


INTERIM REPORTS HAVE BEEN PUBLISHED AND THE IMPACT 
DOCUMENTS SHOW- THERE IS-NO LONGER A QUESTION OF “JUST HOLDING 
THe WINE «OD EAREN. SULEUR DECOSTTION Mise apes eepuCe) ar 


ECOSYSTEMS ARE STO (Bre -rRO TEC | CD SDN. Une Wa cs 


THERE ARE MANY UNRESOLVED PROBLEMS WITH RESPECT TO THE 
PHENOMENON OF LONG-RANGE TRANSPORT OF ATMOSPHERIC POLLUTANTS 
AND ONTARIO IS CONTRIBUTING HEAVILY TO INTERNATIONAL RESEARCH 
EFFORTS TO RESOLVE THESE PROBLEMS; 

I CANNOT ACCEPT, HOWEVER, ANY ASSERTION THAT WE DO NOT 
HAVE ENOUGH EVIDENCE TODAY FOR GOVERNMENT TO TAKE FURTHER 


STEPS TO. ABATE SULFUR ‘DIOXIDE EMISSIONS. 


THE FACT IS, THAT WE ALREADY HAVE SUFFICIENT SCIENTIFIC 
EVIDENCE OF THE DANGER OF LONG~ RANGE TRANSPORT AND ITS 
ENVIRONMENTAL CONSEQUENCES AND WE ARE PAINFULLY AWARE OF THE 


LIMITED TIMEFRAME IN WHICH ACTION MUST BE TAKEN- 


| AM REFERRING PARTICULARLY HERE TO THE LAKES AND 
AQUATIC LIFE IN THOSE AREAS OF CANADA AND THE U-S- WHICH ARE 
PARTICULARLY SENSITIVE TO THE DEPOSITION OR FALLOUT OF THESE 


POLLUTANTS: 


AT SOME POINT IT BECOMES NECESSARY FOR GOVERNMENTS T0 

TAKE ACTION ON THE BEST EVIDENCE AVAILABLE WITHOUT WAITING 
UNTIL ALL OF THESE SCIENTIFIC QUESTIONS HAVE BEEN ANSWERED TO 
THE SATISFACTION “OF EVERYONE- LET ME TAKE AN EXAMPLE: MORE 
THAN A DECADE AGO IT BECAME WIDELY RECOGNIZED THAT PHOSPHORUS 
LOADINGS WERE CAUSING SEVERE STRESSES IN THE GREAT LAKES = 

HAD A DECISION BEEN TAKEN TO POSTPONE CORRECTIVE ACTION UNTIL 
ALL OF THE SCIENTIFIC QUESTIONS HAD BEEN ANSWERED, WE WOULD 


STILL BE WAITING TODAY: 


[F, FOR EXAMPLE, REGULATORY AGENCIES HAD INSISTED ON 
ESTABLISHING WITH CERTAINTY THE RELATIGNSHIP BETWEEN THE 
OBSERVED EFFECTS AND EACH POTENTIAL SOURCE, THOSE LAKES WOULD 


BE SLOWLY STRANGLING- 


INSTEAD WE HAVE SEEN A STEADY IMPROVEMENT AND RECOVERY 
IN THOSE LAKES,-DIRECTLY. ATTRI-BUTABLE TO. THE CONTROL MEASURES 


THAT. WERE IMPLEMENTED-> 


MY VIEW IS SHARED BY THE JOINT CHAIRMEN OF THE CANADA/ 
U.S. CO-ORDINATING COMMITTEE AND | QUOTE FROM THEIR LETTER OF 
TRANSMITTAL FOR THE FEBRUARY, 1981 INTERIM REPORT, "FURTHER 
RESEARCH MUST OBVIOUSLY CONTINUE BUT SOLUTIONS SHOULD BE 


SOUGHT IN THE NEAR TERM”. 


THE SIGNIFICANCE OF ENFORCEMENT IS UNDERLINED BY EPA'S 
OH1o River BASIN ENVIRONMENT STUDY (ORBES) IN WHICH IT IS 
STATED ON PAGE 135 THAT TOTAL SULFUR DIOXIDE EMISSIONS FROM 
THE STATES STUDIED COULD BE REDUCED BY 1/5 By 1985..By 


REQUIRING COMPLIANCE WITH CURRENT SIP SU» EMISSION LIMITS: 


THE REPORT nes SHOWS a m@uGUREMEC adnan Gs net) alae fe 2H 
SIP STANDARDS ARE NOT COMPLIED WITH AND NO COMPLIANCE 
SCHEDULE {S$ ENFORCED, EMISSIONS WILL CONTINUE TO RISE UNTIL 
(987; -BY THE END OF THE CENTRUY THEY WOUCD ONLY BE SLIGHIL™® 
BELOW CURRENT LEVELS- EVEN THIS ASSUMES THAT THE PLANTS WILL 
BEG RETTR ERI ARLERT DOSNESRS OFmUSboan [Ge TRISH DOES pNOL SOCCER, 


THE EMISSION LINE WOULD CONTINUE TO MOVE STEADILY UPWARD: 


[ WANT TO DEAL NEXT WITH THE MEASURES WE ARE TAKING IN 
GONTARIG WHICH ARE IN THE SPIRIT OF INTERIM COMMITMENTS UNDER 


THE MEMORANDUM AND IN LINE WITH THE NEED TO TAKE STEPS NOW- 


| AM GOING TO RETURN TO THE CASE OF INCO AT SuUDBURY+ UN 
SepTemBeR 2, 1980, A NEW SET OF CONTROLS WAS ENACTED UNDER A 
STATUTORY POWER ENABLING THE LIEUTENANT GOVERNOR IN COUNCIL 
TO MAKE REGULATIONS REGULATING THE EMISSION OF CONTAMINANTS 
“INTO THE NATURAL ENVIRONMENT FROM ANY SOURCE OF CONTAMINANTS 


OR ANY CLASS THEREOF’ - 


A REGULATION IN OUR JURISDICTION IS SUBORDINATE 
LEGISLATION HAVING THE SAME EFFECT AS A STATUTES tty, 1S) NOT 
SUBJECT TO ANY STATUTORY APPEALs IF IT IS WITHIN THE 
STATUTORY POWER AND MADE IN GOOD FAITH, IT IS ALMOST 


UNASSAILABLE IN THE COURTS: 


J] OUTLINE THE NATURE OF THIS ACTION, NOT IN AN ATTEMPT 
TO PERSUADE YOU TO FOLLOW OUR LAWS AND PROCEDURES, BUT RATHER 
TO UNDERLINE THE EXTREME SERIOUSNESS WITH WHICH ANTS) ISSUE LS 


REGARDED BY THE UNTARIO PUBLIC? 


UNDER THE REGULATIONS, INCO IS REQUIRED TO REDUCE ITS 
EMISSIONS BY JANUARY 1, 1983, TO A LEVEL WHICH REPRESENTS A. 
70% REDUCTION FROM THE LATE 1960’s- JHE EMISSIONS ARE TO BE 
KEPT AT THAT LEVEL REGARDLESS OF PRODUCTION: [HIS CAN ONLY 
BE ACCOMPLISHED BY INNOVATIVE CHANGES IN THE METALLURGICAL 
PROCESS AND PRELIMINARY WORK IS ALREADY UNDERWAY TO 


ACCOMPLISH THESE CHANGES» 


THe [NCO REGULATION IS AN INTERIM MEASURE+ A CANADA/ 
UNTARIO TASK FORCE WILL REPORT THIS AUTUMN ON OPTIONS TO 


REDUCE: INCO S EMISSIONS TO THE LOWEST POSSIBLE LCEVEC= 


THE SECOND LARGEST SOURCE OF ACID CAUSING POLLUTANTS IN 
ONTARIO 1S ONTARIO HYDRO’S THERMAL PLANTS- ON FeBRuaRY 1/, 
1981, A REGULATION WAS FILED WHICH PLACES A CEILING ON FUTURE 
EMISSIONS FROM THE COAL-FIRED STATIONS OPERATED BY UNTARIO 
Hypro- IT WILL REQUIRE A 43% REDUCTION FROM CURRENT LEVELS 
BY THE YEAR 1990. FROM THAT DATE SU EMISSIONS CANNOT EXCEED 
A CEILING OF 260,U00U METRIC TONS NOTWITHSTANDING INCREASES IN 


ELECTRICAL OUTPUT FROM THE SY¥s7TEM- 


HYDRO WAS ALSO ADVISED THAT FURTHER RESTRICTIONS MAY BE 
FORTHCOMING AS A RESULT OF THE FUTURE OF A CANADA/U-S- 


AGREEMENT ON TRANSBOUNDARY POLLUTION: 


FURTHER, AT THE REQUEST OF THE GOVERNMENT, UNTARIO HYDRO 
1S INVESTIGATING THE IMPLEMENTATION OF THE LEAST EMISSION 
DIspATCH SYSTEM (L-E-D-S-) WHICH WOULD LEAD TO FURTHER 
SIGNIFICANT REDUCTIONS FROM EXISTING PLANTS- UNDER THIS 
SYSTEM THE UTILITY GENERATES POWER FROM ITS “CLEANEST” PLANT 


FIRST AND ITS DIRTIEST. PLANT LAST; 


IT 1S IMPORTANT TO NOTE THAT THESE CONTRCL MEASURES ON 
Inco AND ONTARIO HYDRO TAKEN IN ADVANCE OF AN INTERNATIONAL 
AGREEMENT AND TAKEN TO DEAL WITH LONG™RANGE TRANSPORT AND 
ACID RAIN, ARE ADDRESSED TO LIMITING LOADINGS oF S09" "THIS 
QUESTION OF LOADINGS WAS ADDRESSED IN THE REPORT OF THE 
NATIONAL COMMISSION ON AIR QUALITY "To BREATHE CLEAN ALR” 


issueD MarcH, 19281- THe ‘REPORT. STATES: 


[ QUOTE: 


"THE NATIONAL AMBIENT AIR QUALITY STANDARDS ARE 
THE CORNERSTONE OF THE CLEAN AiR ACT PROGRAM FOR 
THE CONTROL OF POLLUTION FROM EXISTING STATIONARY 
SOURCES: HOWEVER, THE KEY FACTOR ASSOCIATED WITH 
THE MOST SERIOUS ENVIRONMENTAL EFFECTS OF A 
PROBLEM SUCH AS ACID DEPOSITION 1S NOT AMBIENT 
POLLUTANT CONCENTRATION BUT RATHER TOTAL 
POLLUTANT LOADING, WHICH IS ONLY INDIRECTLY 
LINKED TO AMBIENT CONCENTRATIONS CELL, 1981)- 
LARGE QUANTITIES OF POLLUTION CAN BE RELEASED 
WITHOUT VIOLATING AMBIENT STANDARDS IN AN AREA [F 
THE EMISSIONS ARE SUFFICIENTLY DISPERSED: 
THEREFORE, IT IS POSSIBLE FOR A STATE TO 
INSTITUTE A CONTROL PROGRAM SUFFICIENTLY 
STRINGENT TO PROTECT LOCAL HEALTH, AS DEFINED BY 
PRIMARY NATIONAL AMBIENT AIR QUALITY STANDARDS, 
BUT THAT STILL PERMITS POLLUTANT EMISSIONS THAT 
CAN CAUSE SERIOUS ACID DEPOSITION PROBLEMS IN 
DISTANT DOWNWIND REGIONS-~ (p.3-9-Z)- 


IN LIGHT OF THIS, WE WOULD URGE THAT YOU PURSUE POLICIES 
CONSISTENT WITH THE DECLARED INTENTIONS OF OUR TWO COUNTRIES 
IN THE MEMORANDUM OF INTENT, TO VIGOROUSLY ENFORCE CURRENT 
REGULATIONS, DISCOURAGE RELAXATION OF THESE REGULATIONS AND 


TO ACHIEVE ADDITIONAL REDUCTIONS WHEREVER POSSIBLE- 


LET ME NOW ADDRESS THE SPIRIT IN WHICH THE EVIDENCE 
SHOULD BE APPROACHED: IT IS IMPORTANT TO TAKE INTO ACCOUNT 
AL THE SEVIDENCE AVALTEABLE “TOY OU, GIVING BACH sCHECE fis 


APPROPRIATE WEIGHT- 


YOU SHOULD NOT LOOK AT ANY PAVE Gib; sO RoE Val DEN Gre LN 
ISOLATION, BUT IN THE CONTEXT OF WHAT ALL THE EVIDENCE 15 
TELLING YOU- THE MAGNITUDE AND DISTRIBUTION OF SOURCES, 
METEOROLOGY, BACK TRAJECTORY ANALYSES, SATELLITE 
OBSERVATIONS, SPECIFIC LONG-RANGE TRANSPORT OF POLLUTION 
EPISODES, AND MODELLING ACTIVITIES WHICH PULL ALL THIS 


DIVERSE EVIDENCE TOGETHER: 


ALL OF THIS IS REQUIRED To UNDERSTAND AND COMBAT THE 
PHENOMENA OF ACID RAIN+ WITHOUT THIS TOTAL APPROACH WE 
SEVERELY CRIFPPRE (OUR COLLECPIVE “ABI ITY (TO "PROTECE OUR 


SENSITIVE ENVIRONMENTS - 


= $() Es 


TESTIMONY OF BRUCE J. T&RRIS 
ON BEHALF OF THE PROVINCE OF 
ONTARIO, CANADA AT THE EPA 
SECTION 126 HEARING, JUNE 19, 1981 
Good afternoon. My name is Bruce J. Terris. I 
am an attorney with the law firm of Terris & Sunderland in 


Washington, D.C. I am here this afternoon representing the 


Province of Ontario, Canada. 


Mr. Scott, Ontario's Deputy Minister of the Environ- 
ment, has already spoken of Ontario's interest in these pro- 
ceedings. The emissions sources which are the subject of 
these hearings not only threaten New York's and Pennsylvania's 
efforts to comply with ene Clean Air Act. These sources also 
contrabute significantly to the formation of acid deposition 
that is already severely harming the environment of Ontario. 

Any emissions reductions that result from these proceedings 
will benefit the Province of Ontario. Thus, the Province has 

an extremely important stake in the outcome of these proceedings. 
We therefore appreciate the opportunity to appear before you 

this afternoon to discuss with you the proper approach to 
remedying the serious problems which Canada and the United States 


face relating to the long-range transport of pollutants. 


My first point concerns the status of these hearings 
under Section 126. Two sections of the Clean yar ‘Act *ace relie- 
vant in ascertaining the procedures which the agency should 


follow when addressing interstate pollution. 


Section 126(b) provides that "within 60 days after 
receipt of any petition under this subsection and after public 
hearing, the Administrator shall make such a finding [of inter- 


state air pollution] ‘orvdeny thewpecition. 


Section 307(d) (1) (M) provides that sales 307 rule- 
making procedures apply to "action of the Administrator under 
section 7426 of this title (relating to interstate pollution 
abatement) * * *." Under Section 307(d) (3), a rulemaking be- 
gins with the publication in the Federal Register of a notice 
of p.oposed rulemaking which "shall be accompanied by a state- 
ment of its basis and purpose * * *." The contents of the 
statement of basis’ and purpose are specified by the statute 
as follows (ibid.): 


The statement of basis and purpose shall 
include a summary of --- 


(A) the factual data on which the 
proposed rule is based; 


(B) the methodology used in obtaining 
the data and in analyzing the data; and 


(C) the major legal interpretations 
and policy considerations underlying 
the proposed rule. 


* * * 


All data, information and documents 

referred to in this paragraph on 

which the proposed rule relies shall 

be included in the docket on the date 

of publication of the proposed rule. 

EPA's May 1, 1981, announcement of these hearings (46 

Fed. Reg. 24602) clearly does not satisfy the requirements 
of a notice of proposed rulemaking under Séction “307. The 
rulemaking will therefore not begin until after these hearings 
when EPA announces its proposed determination and satisfies the 
burden of production imposed by Section 307(d) (3) by placing 


relevant evidence, and EPA's analysis of that evidence, on 


the rulemaking record for scrutiny. 


If EPA tentatively decides to grant New York's and 
Pennyslvania's petitions, then I fhe “ets “cledy thatthe 
agency must publish a notice of proposed rulemaking complying 
with the requirements of Section 307 (ay B)an After that’ netice 
is published, and after EPA has satisfied the requirement of 
producing information, then Section 307 (a) (5) will require the 
agency to give interested persons another opportunity to submit 


comments, orally.and in writing. 


We note that this second set of comments ie not a 
duplication of the comment period the agency is now conducting. 
The crucial difference is that the second stage of these pro- 
ceedings centers on EPA's proposed determination and the evi- 


dence the agency has produced and placed on the rulemaking 


record. At this earlier stage, we are addressing only the 
threshold question of whether EPA's proposed determination should 
be affirmative or negative, based on the evidence that has been 
submitted. by the two petitioning states and any other persons 


who choose to present evidence. 


If EPA decides to deny New York's and Pennsylvania's 
petitions, the agency still must comply wath Section 307s 
procedural requirements before it can become final.  oeCclon ou7 
applies to "action of the Administrator" under Section 126 
(Section 307(d) (1) (M)) (emphasis added). The use of the 
generic term "action" rather than the word TEER LAg cre 
term used by Section 126 to describe an affirmative decision -- 
indicates that Section 307 procedures are intended to apply 
whether the agency's initial decision is affirmative or nega- 


tive. 


This reading of Sections 126 and 307 is consistent 
with the significance that the EPA should attach to the fi Ling 
of a Section 126 petition. These are not ordinary rule- 
making petitions. Government agencies must be free to deny most 
rulemaking petitions without elaborate procedures in order 
to enable the agency to dispose of frivolous petitions. Such 


an escape hatch is unnecessary in the case of Section 126 (5) 


because that section already has the built-in safeguard that 


it must be invoked by a state or political subdivision. 


Moreover, rulemaking petitions in other contexts often 
ask the agency to make a discretionary decision about where 
to employ its limited resources. An agency should not be re- 
quired to expend significant resources building a record justi- 
fying denial of a rulemaking petition if the reason for the 
denial is that the agency believes that the issues raised are 
relatively unimportant. That rationale, however, does not 
apply to a Section 126 petition. By enacting Section 126, and 
the corresponding provision of Section 110(a) (2) (E), Congress 
has made clear that EPA has the duty to deal with the issue 
of interstate impacts. Indeed, one can hardly imagine a 
more appropriate issue for federal intervention than interstate 


and international transport of pollutants. 


Based on this analysis of Section 126, several issues 
fall into place. The purpose of this week's hearings be- 
comes more clear. These initial proceedings should be viewed . 
as aiding the agency in focusing the issues, gathering infor- 
mation, and making a preliminary determination on the merits of 
the petitions. This limited role is consistent with the 
short time period, 60 days, provided by Section 126(b) for 


the agency to respond to a petition under that section. This 


jnitial stage serves a function similar to comment on an ad- 
vance notice of proposed rulemaking, frequently referred to as 
an ANPR. The goal is* to here the agency shape its proposed 
determination in a manner that allows the subsequent rule- 
making proceeding to be tightly focused on the central, rele= 
vant issues. By this method, a better record should be pro- 
duced, leading to a more informed, and more expeditious, 


final determination. 


Moreover, the sequence of proceedings I have set 
forth helps to resolve the issues raised by Roger Strelow, 
counsel for many of the utilities affected by these petitions, 
in his letters of April 14 and June 8, 196). £O EPA. ae 
Strelow is concerned that the record as it currently stands 
does not. allow for full analysis of the issues raised by the 
petitions. We submit the solution lies in Section 307. Once 
the agency has complied with the notice of proposed rulemaking 
requirements of Section 307(d) (3), all interested persons, 
including affected utilities, will Wave ‘a. full, opporeuni ty ete 


comment meaningfully. 


Mr. Strelow suggests that these proceedings should 
pe bifurcated into two stages: first, a proceeding devoted 
to determining whether unlawful interstate Lmpact S sare .OCeua. 


ring; and second, a proceeding dealing with questions of 


remedy, if that proves necessary. We do noe Louink tuat 

EPA is legally required to conduct a two-step procedure. It 
could hold a unified Section 307 proceeding on both interstate 
impacts and remedies. We do believe, however, that EPA has 
the discretionary authority to hola separate hearings on re- 
medies and that it may well be appropriate to do so in -thirs 


case. 


In any event, the issue of remedies is not central to 
the issues before you in the present hearing. The issue today 
is whether an interstate air pollution problem exists which 
is covered by Section 126. As I will discuss later, we believe 
that the evidence in this proceeding clearly demonstrates that 
such a problem under Section 126 does exist and therefore further 


proceedings under Section 307 are required. 


Second, I would like to address EPA's basic responsi- 
bility in this proceeding. Congress has been attempting ito 
get EPA to remedy the problem of interstate pollution since 
BO7OU In’Y977, ‘COngress ‘concluded *that'*BPA had so construed 
the Act that there was no effective mechanism to prevent 
interstate pollution. It therefore adopted Section 126 and 
made clear its intent to ensure that EPA take effective 


action. 


EPA therefore has been emphatically told by 
Congress to make Section 126 work. Some speakers have said that 
Section 126 is a bad mechanism a2 solving the interstate pol= 
lution problem. They say that Section 126 will not be easy 
to implement. That is undoubtedly true because transboundary 
pollution raises difficult problems. But the fact is that 
Congress has plainly told EPA in 1970 and, more emphatically, 
in 1977, that interstate pollution problems are to be resolved 
and that Section 126 is to be a mechanism to resolve them. 
Thus, EPA does not have the choice to allege lack of scien- 
tific certainty, to note the procedural or remedial difficulties, 
or to raise other problems as reasons to throw up its hands. 
Instead, Congress imposed on EPA the duty, we submit, the non- 


discretionary duty, to construe Section 126 so that. Po will work. 


Third, we strongly quarrel with Mr. See eice as to 
where he suggests placing the burden in this proceeding. The 
petitioning state agencies have the initial responsibility to 
trigger Section 126(b). The importance of EPA's proposed de- 
termination creates strong incentives for the petitioners to 
submit as much evidence as feasible to support their positions. 
Since if EPA is to rely on that information, it needs to know 
how yee information was obtained, petitioners have a strong 


incentive to submit full documentation for their claims. 


Nonetheless, EPA bears the responsibility to gather 


information relevant to these petitions, not to sit as @ passive 


judge deciding whether the petitioners have met their burden 

Sa proct, tit~-rs‘Snet an umpire calling balls and strikes. Thus, 
in Office of Communication of United Church of Christ v. Federal 
Communications Commission, 425 F.2d 543, 548 (D.C. Cir. 1969), 
then Judge Burger held that "(t]he Commission * *-* ha[s]- an 
affirmative duty to assist in the development of a meaningful | 
record which can serve as the basis for the evaluation of the 


licensee's performance of his duty * * *." 


EPA has been charged with the responsibility to en- 
sure that the Clean Air Act is fully and effectively carried out. 
EPA, not Pennsylvania, not New York, not Ontario, has this 
overriding responsibility. .And this resnonsibility to carry 


out the Act clearly includes the prevention of interstate pollution. 


EPA has oney meusly argued, both in Federal Register 
notices relating to SIP relaxation: and a court brief, that a 
Section 126 proceeding, not review of a SIP revision under 
Section 110, is the proper forum for considering aggregate 
pollution emissions. See 46 Fed. Reg. 24560 (May 1, 1981) 
(SIP revision for Consumer Power's Cobb plant); 46 Fed. Reg. 
24946 (May 4, 1981) (SIP revision for Toledo Edison's Bayshore 
plant); Brief for Respondents, Pennsylvania v. U.S. Environmental 


Protection Agency, No. 79-1026 (C.A. 3) pages 34-35. That 


argument is totally indefensible if the EPA uses its decision 


to deal with these issues under Section 126 as a method to 
shift the ultimate burden of proof to the receptor states. 
Section 126 is merely an alternate means of placing the subject 
of interstate impact in issue. The criteria for review are 

set forth in Begt ion 110 (a) (2) (E). EPA retains the ultimate 
responsibility to ensure that the interstate impacts prohibited 
by that section are not occurring. This is true whether the 
interstate impacts are examined in the context of review of a 
SIP or of a SIP revision or in response to a petition under 
Section 126. This is particularly true where EPA has failed, 
as here, to examine long-range impacts in its initial review 


of the underlying SIPs. 


Fourth, the opponents to these petitions argue that there 
is insufficient Kt ys ee concerning long-range transport to support 
Pennsylvania's and New York's position. We submit that the 
evidence presented in this proceeding by New York and Pennsylvania 
and the evidence which Ontario will present demonstrates con- 
clusively the serious transboundary pollution problem af- 
fecting the northeastern United States, as well as Canada. 

Indeed, we submit that everyone, EPA, the midwestern states and 
even industry, know that there is a significant transboundary > 

air pollution problem affecting the northeast and Canada. The 

dispute is about the details, yes, important details, but 

still details. All the fighting over models , over trajectory 


analysis, over the comparative contribution of local and 
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distant sources, and all the other disputes should not obscure 
the fact that a serious transboundary problem exists and must 


be faced. 


Fifth, we strongly .reject the notion that lack of 
sufficient information requires that no action be taken until 
elaborate research programs are completed. Congress’ surely 
knew that there could be no scientific certainty concerning in- 
terstate pollution problems when it passed Section 126. It 


still wanted EPA to act. 


Scientific certainty is always the argument for 

those who want to maintain the status quo. It is always the 
argument when government agencies are reluctant to act." But) there 
is no scientific certainty for almost any of the requirements 
of the Clean Air Act. Moreover, there is no greater scientific 
certainty for most of the other actions taken by federal or state 
or local governments in many fields. The Court of Appeals ae the 
District of Columbia Circuit has said it far better than I 
could in upholding an EPA action under the Clean Air Act in 
Ethyl Corp. v. Environmental Protection Agency, 541 Se . Ode, 24-25, 
He29 No Gy eit. 1976) .. acebtcaorary denied, 96 S. Ct. 2662 
(1976): 

Questions involving the environment 

are particularly prone to uncertainty. 

Technological man has altered his en- 

vironment in ways never before ex- 

perienced or anticipated. * * * 


[T]he statutes -- and common sense ~~ 
demand regulatory action to prevent 


1i 


harm, even if the regulator 
is less than certain that harm 
is otherwise inevitable. 


* * # 


Where a statute is precautionary in 
nature, the evidence difficult to come 
by, uncertain, or conflicting because 

it is on the frontiers of scientific 
knowledge, the regulations designed to 
protect the public health, and the 
decision that of an expert administrator, 
we will not demand rigorous step-by-step 
proof of cause -and"efrectie ~~ * eerie 
Administrator may apply his expertise to 
draw conclusions from suspected, but not 
completely substantiated, relationships 
between facts, from trends among facts, 
from theoretical projects from imperfect 
data, from probative preliminary data 
not yet certifiable as "fact," and 

the like. 


In short’, St"is? the *duty.’ob EPA to carry out tne sstatute, usang 


the best informatioh available. 


violated only if the pollutants transported from out-of-state 


Sixth, it has been suggested that Section 126 is 


sources make it impossible for the receptor state to achieve 


attainment with the national air quality standards. 


However, 


this were the test, Section 126 would have no meaning what- 


soever. 


ment by limiting its own sources except for the virtually 
impossible situation where out-of-state sources will alone 


cause NAAQS violations in another state. 


In other words, 


It is always possible for a state to achieve attain- 


ae 


nas 


“the possibility Of submitting an approvable plan were the test, 


Ohio could send into Pennsylvania enough pollution to consume 
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90% of allowable emissions. If Pennsylvania can reduce their 

emissions to 10% of the national standard -- which, of course, 
is possible by declaring the entire state a wilderness area -- 
then Section 126 has not been violated. I submit that reading 


of the statute is ridiculous. 


Indeed, it is not only possible for a state to meet the 
national air quality standards by controlling its own emissions, | 
it is required to do so. Thus, all states have either attained 
the standards already or must have a plan to do so. If any 
state which either has attained the standards or has a plan to 
do so cannot invoke Section 126, then the only states which 
could do so would be those in violation of federal law. It is 
incredible to believe that Congress could have intended any 


such result. 


The absurdity of the argument is demonstrated by Mr. 
Strelow's testimony. He argues that New York cannot invoke 
Section 126 because he claims, albeit erroneously, that’ it has 
met the national standards. Yet, at the same time, he argues that 
jt cannot invoke Section 126 because it has not done a good 
enough job itself in controlling its own pollution sources. It 
is obvious that Mr. Strelow's arguments would never allow any- 


one to invoke Section 126. 
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We submit that the language and legislative history of 
Section 126 make clear that Section 126 applies if the source state 
significantly interferes with the attainment or maintenance of 
the national standards. We submit that this test is plainly 
satisfied when significant amounts of pollution are trans-— 
ported into the recipient state and, as a result, the recipient 
state is forced to impose significantly more stringent require- 
ment on its pollution sources than the source state. In these 
circumstances, we submit that Section 126 has been violated even 
if there is no current violation of a national standard. 

Seventh, EPA has asked whether it should be considering 
the cumulative impacts of sources or each source alone. EPA 
has already answered its own question in its brief filed only 
three months ago in Pennsylvania v. EPA int hewriirde Carcihare 
(Docket No.” 79-1025, p. 35)% 

As required by Section 126, EPA intends 


to hold a hearing in the near future to 
consider the issues raised in Pennsylvania's 


petition, Thau section 126 proceeding wilt 
be the appropriate forum for evaluating Penn- 


sylvania's claims regarding cumulative out- 


of-state source impacts. */*)'*"(E)missions 
impacts due to any identified out-of-state 


sources can be considered in a Section 126 
proceeding- (emphasis added) 


EPA's position that Section 126 is an appropriate ee 
to consider cumulative out-of-state sources is clearly correct. 
Section 126 would be effectively destroyed if each source is to 
be considered alone. Rarely, if ever, will a single source 
See etous iy interfere with attainment of national standards in 


another state. As I have emphasized, EPA's duty is to make 
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Section 126 work, not to leave it an empty shell. 


Finally, while you have determined not to broaden 
the present hearing to consider international pollution under 
Section 115, I wish to restate Ontario's position that, when the 
time comes for EPA to consider the remedies for transboundary 
pollution, it is essential that interstate pollution in the 
northeastern United States and international pollution in 
southeastern Canada be considered together. I will not 
spend time today arguing that EPA has a responsibility under 
Section 115 to go forward with proceedings to abate long- 
range transport of pollutants that are endangering Ontario and 
other parts of Canada. We have set forth our views of EPA's 
obligations under Section 115, particularly in light of 
its January 16, 1981, determination, in our written request of 
May 28, 1981, to expand the scope of these hearings. we 
intend to continue to urge EPA's obligation to proceed to carry 
out,ats clear Pat eriee onder Section 115 in every 


appropriate forum. 


LS 


In any event, it is obvious that the problems Of “Inters 
state and international air pollution in the northeastern 
United States and Southeastern Canada are Line Sena I 
would therefore like to take a look down the road at the 
process which EPA should follow to devise a remedy under 
Section 126, compare it to the process appropriate EO 
Section 45, ana tentatively suggest how the two should 


be coordinated. 


Section 126(c) provides, in effect, for a federal SIP 
revision. If the Section 126(b) finding has been made, 
affected sources must cease operations in three months, 
unless the Administrator provides for no more than a three- 
year phase-in of the necessary emissions reductions. there: 
is no provision requiring any action by the state in which 


the source is located. 


Under Section 115, a finding of international air pol- 
lution "shall be deemed to be a finding under Section 7410 
(a) (2) (H) (ii) * * * which requires a plan revision with respect 
to so much of the applicable implementation plan as is | 
jnadequate to prevent or eliminate the endangerment sali ee 
In other words, a Section 115 finding requires the affected 


states to develop SIP revisions. 


To return again to Section 126, if a petition filed 
under that section affects one or a few sources, it may 


make sense to have EPA establish the compliance schedule. 
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‘But, in the case of petitions that affect numerous sources, 

I can understand reluctance on the part of EPA to take on 

the task of creating new emissions limitations .for so many 
sources. Furthermore, to the extent possible, it would be 
most consistent with the spirit of the Clean Air Act and 

its division of responsibilities between the federal govern- 
ment and the states to allow the states a major role in allo- 


cating reductions to the sources affected within their states. 


By now, it should be clear how readily this scheme for 
implementing Section 126 can be integrated with the process 
Outlined for Section 115. The procedural difference is 
that emissions reductions under Section 115 are to be 
adopted by the states as state SIP revisions whereas Sec- 
tion 126 appears to contemplate adoption of a federal com- 
pliance schedule. We submit that this is a GL Stinetion 
without a difference. As a practical matter, the source- 
by~source emissions reductions should be proposed by the 
states in the first instance, and they are subject to federal 
review in either case. EPA could make the symmetry complete 
by giving the states the option under Section 126 of adopting 
the reductions themselves through the SIP process and then, if 
the reductions are acceptable, declaring those reductions 


to constitute the schedule required by Section 126(c). 


We do note, however, that there is a significant dif- 
ference between Sections 126 and 115 as to the criteria 


for measuring the impacts in the receptor states. Under 
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Section 126, the criteria are the national ambient air 
quality standards, PSD increments and visibility. Under 
Section 115, the criteria ‘are expressed in the general 
phrase "air pollution which may reasonably be anticipated 
to endanger public health or welfare in a foreign country.” 
Thus, Section 115 encompasses pollutants, such as sulfates, 
and effects, such as acid rain, even though they are not 


subject to national air quality standards. 


The reductions necessary to satisfy Section 126 may 
be more or less than the reductions necessary under Section 
115. Nonetheless, the emissions, sources and states iden- 
tified by New York and Pennsylvania are the same emissions, 
sources and states that are contributing to acid deposition 
in Ontario. It seems foolish to go through the time-consuming 
and difficult process of establishing emissions schedules 
necessary to satisfy one of these sections of the Clean Air 
Act and then have to repeat the whole process again to 
satisfy the requirements of the other. That is the kind of 


unnecessary regulatory duplication that we can all condemn. 


We therefore urge that EPA deal concurrently in the sub- 
sequent stages of this proceeding with international 
and interstate long-range. air pollution: We urge thature 
do so by publishing a notice of proposed rulemaking that 
complies with Section 307(d) (3) and invokes the authority 


Of Dotn Sections 126 and Its. The rulemaking should encom- 


18 


pass all major sources of SO. that EPA tentatively determines 
are contributing to long-range international and interstate 
pollution, including the formation of acid deposition 


affecting Canada. 


In conclusion, based on the record of these Section 126 
hearings and on the information otherwise available, we 
submit that EPA will be compelled to propose a finding 
that interstate air pollution is occurring in violation of 
Section 110(a) (2) (E) of the Clean Air Act. We also submit 
that EPA has already determined that Section 115 has been 
violated and that the agency has a mandatory duty to con- 
tinue the efforts initiated on January 16, 1981, to imple- 
ment that section. We therefore urge that you initiate 
pursuant to Section 307(d) a joint proceeding to consider 
in detail the international and interstate pollution involved 


and appropriate remedies for it. 
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A Brief Description Of How Ontario Dynamically Integrates 
Policy.ands Rule Making with “Information Gathering “in Reqard 


To Transboundary Air Pollution 


Historically, Environment Ontario and gther North American 
jurisdictions have been dealing with contaminants as pollu- 
tants in their own right, concerned with their potential 


"localized" and "community" effects. 


To aid in this activity, the Ontario Environment Ministry 
established a Province-wide Inventory of air contaminants 
in 1972, which includes sulphur dioxide. Concentrations of 
30 known aixr-borne contaminants are measured by a monitoring 
network distributed throughout Ontario which consists of 

‘ 
more than 1,400 air quality instruments, some oti which axe 
operated on a special study basis. This monitoring network 
was established to obtain comprehensive knowledge or the 
air quality in Ontario. The data has been related to emitting 
Sources and, in association with? sie quality simulation 
models, has been used to cevelop control strategies for these 


sources when air quality criteria “set Dy the Province were 


axceeded. 


However, in dealing with ‘the problem of total suspended 
particubatesmand »the photochemical product such as ozone, 

the evidence indicated that a large contribution was attric- 
utable to ocut-of-the province sources. More recently, 2cidic 


G¥yecinitavion. studpes indicaveaG.teat.che orecursors SO.,, 


S 


sulohates and nitrates are Aue to sources which are in part 


very distant from the sensitive receptor lakes. 


The severity of this problem of long range transport in 
Ontario became apvarent when we began to analyse the results 
from several special studies, in particular, the Sudbury 
Enereonmeneat and Lakeshore Capacity Studies. Both Ce 
these geographically intensive programs measured atmospheric 
pollutants Jand quantified the proportion which as a conse-~ 
quence of various physical and chemical means ultimately end 
up inisensitive terrestrial and aquatic ecosystems. As 

. 
subsequent speakers will outline in detail, much has been 
learned~Exom ‘these studies about the ultimate fate OL 
amissions of oxides of sulphur and particulates as well as 
other poldutants-on 2 continental basis. In particular, 
these studies indicated that when using contemporary monitoring 
and analytical techniques, the secondary or evolutionary 
pollutants associated with primary emissions of particulaces 
and SO, were being devosited in large measure by the “rain 
felling? omer dazcge por cLons \oteytine Province. Furthermore, 
this polluted rain was and is seriously affecting Ontariours 


very sensitive environment. 


In response to the seriousness of this situation and recog- 
nizing its similarity with the Scandina vian ocoroblem, othe 
Ontario Government initiated -a “mayor Yorg suamge etransser snot 
a=*moscireric ooOllutants Or “acidie orecipitation’ srogram-in 


Pog Currently this orogram has -a puageticha excess iotogex 


‘4 
bh 
te 
t a 
| ae 
O 
cS 
roy 
O 
- 

t 
rN) 
ty 
w 
WY 


ar vear which is of tne order of SesQeges 


capita per year. 


The major elements of this effort include the following, 
undertaken in parallel: 
i a scientific LRTAP/ACID Rain assessment program; 


Zs socio-economic initiatives; 


ie control technology investigations; 
4. information dissemination and public education program; 


See Ow Lcy, evaluation, recommendation and implementation. 


The scientific program is broken down into the following 
specific components. 

a) Cooperative international programs such oa's 
DOAPS (Detroit/Ontario Air Pollution Study), 

OSCAR (Oxidation and Scavenging Characteristics 

of April Rains), the Quetico Park initiative, and 
PEPE (Prolonged Elevated Pollution Episodes). The 
common objective of these studies is to track and 
quantify the deposition of transboundary pollutants 
from source to receptor; 

b) detailed atmospheric chemistry studies, in 
particular the Nanticoke and Sudbury area plume 
washout studies; 

e) wet and dry deposition monitoring networks on a 

orovincial scale. Every effort has been made 
to integrate these with Canadian and U.S. networks; 
d) investigative studies of both the aquatic and 


terrestrial effects of-the long rangs transport of 


alr pollutants: 
e) development and calibration of atmospneric trans- 
port models, which tie together all the information 


generated by the previously mentioned four pOoOLlnws. 


The socio-economic initiatives are investigating the various 
socio-economic consequences of various policy OCptiongeaand 
includes detailed investigation of appropriate methodologies 


as they relate to Ontario's recreational industry. 


The Control technology investigations are exploring and 
avaluating the feasibility of different forms of abatement 


options including: 


Fluidized Bed Combustion 


Flue Gas Desulphurisation 


-° Limestone Injection Multistage Burner’ 


Use of Low Sulphur Coal 
- Physical scoal-Cleaning 
= 2OGityCteaning 

- Hydrometallurgy 


- Improved Pyrrhotite Separation 


Xecid Production 


- Improved Particulate Collecting, Devices 


TOGCELUIURG acoLesev: le gpunderlines: the importance of modcet tinge 


The information dissemination and public information program 
has as its major objective the marshalling of public support 
for Ontario's initiatives to limit emissions within the 
Province of Ontario. In addition, Ontario has produced 
various media packages with which to convey its message to 
the North Ame rdwen audience including brochures, videotapes, 


fact sheets and a feature length film. 


The integrated results of all these activities ere being 
utilized by Ontario's regulatory arm (eq... the decision-makers 
such as Mz. G. Scott) so that decision making has and ido 2d, 
continue to be undertaken in a logical, step-wise and 
expeditious manner to deal-with this and otner environmental 
problems. It is important to note that this "dynamic" activity 
which utilizes information from scientific and socio-economic 
programs is Lite am coi responsive to any new information. 

The positive feedback aspect of this activity is systematically 


illustrated in (Figure One). 


In summary, I have quickly outlined how Ontario came to 
recognize the problem of the long range transport of ape 
pollutants, the studies that have been initiated as a result, 


how this information i$ and «will-continue, to Dey WSed »t2 


Os 


an 


aid in ocglicy decisions. 
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Lou Shenftfeld 


GASE STUDIES OF TRANSBOUNDARY AIR 


POLLUTION: THE DEVELOPMENT OF EVIDENCE 


DR. WALTER LYONS HAS ILLUSTRATED THE METEOROLOGICAL CONDITIONS 
THAT ARE CONDUCIVE TO THE LONG RANGE TRANSPORT OF AIR POLLUTANTS 
OVER EASTERN NORTH AMERICA. I AM GOING TO PRESENT QUANTITATIVE 
EVIDENCE OF THE RESULTS OF SUCH TRANSPORT AND THE IMPACT THAT 


THIS HAD ON PENNSYLVANIA, NEW YORK AND SOUTHERN ONTARIO. 


THESE STUDIES HAVE BEEN USED BY OUR MINISTRY TO ASSESS 
THE RELATIVE IMPORTANCE OF ONTARIO'S SOURCES FOR THE PURPOSE 
OF REGULATION, AND I FEEL THAT THE RESULTS ALSO SUPPORT AND CONFIRM 
THE WORK OF DR. PARRY SAMSON REGARDING THE IMPACT OF TRANSBOUNDARY 


POLLUTION IMPACT IN NEW YORK AND PENNSYLVANIA. 


ONE CASE THAT I WILL DESCRIBE IN DETAIL OCCURRED DURING THE 
PERIOD OF FEBRUARY 19 to 21, 1979. THE SERIES OF WEATHER MAPS 
FOR EARLY MORNING OF EACH OF THESE DAYS SHOWS THE LOCATION OF A 
HIGH PRESSURE AREA THAT WAS CENTRED SOUTH OF THE GREAT LAKES 
(FIG. 1) ON THE 19th, AND MOVED EASTWARD TO THE EAST COAST ON 
awe Alea he GEG. ee.) BEHIND THE HIGH WAS A PRONOUNCED SOUTHWESTERLY 
CIRCULATION. A LOW PRESSURE AREA MOVED INTO THE GREAT LAKES AREA 


ONG TE rues. Che Opes sre: 


PRIOR TO THE 19th, SOUTHERN ONTARIO AND GREAT BAKES STATES 
WERE UNDER THE GRIP OF A PROLONGED COLD SPELL; THE COLD WEATHER 
WOULD CAUSE A HIGH ENERGY DEMAND FOR HEATING, RESULTING IN SLGRER 
THAN NORMAL EMISSIONS OF SULPHUR DIOXIDE AND PARTICULATE MATTER 


IN THE AREA. 
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2. 


CONCENTRATIONS INTO AND ACROSS ONTARIO. 


AS SOUTHWESTERLY WINDS BACK OF THE HIGH PRESSURE AREA BECAME 
ESTABLISHED, SULPHUR DIOXIDE LEVELS AT THE MONITORING STATIONS 
INCREASED ACROSS THE ENTIRE MONITORING NETWORK. SEE FIG Si." THE 
CHANGE IN LEVELS CAN BE SEEN FROM THE 24-HOUR AVERAGE LEVELS LISTED 
FOR THE 19th, 20th AND 21st. (TABLES la AND lb). IN ONTARIO THE 
LEVELS RANGED FROM NON-DETECTABLE TO A MAXIMUM AVERAGE OF 60 ppb 
ON THE 19th, WHILE ON THE 20th THE AVERAGE LEVELS WERE MUCH HIGHER, 
EXCEEDING 100 ppb AT A FEW LOCATIONS. ONTARIO'S CRITERION FOR 
DESIRABLE AIR IS 100 ppb OF SO, FOR A DAILY AVERAGE AS COMPARED 
TO THE U.S. STANDARD OF 140 ppb FOR A 24-HOUR RUNNING AVERAGE. 

THE EVIDENCE OF THE LONG RANGE TRANSPORT OF SO, IS CLEARLY INDICATED 
BY THE MEASUREMENTS AT RURAL STATIONS. INVERHURON ON THE SHORE 

OF LAKE HURON RARELY RECORDS HOURLY LEVELS ABOVE 20 ppb BUT ON 

THE 20th RECORDED A 24-HOUR AVERAGE OF 40 ppb. THE RURAL SIMCOE 
STATION LOCATED NORTH OF LAKE ERIE RECORDED # 24-HOUR AVERAGE OF 

70 ppb. THERE ARE NO SIGNIFICANT LOCAL SOURCES OF SULPHUR DIOXIDE 
IN THE SOUTHWEST DIRECTION, THAT IS THE DIRECTION UPWIND OF THESE 
STATIONS ON FEBRUARY 20th, AS INDICATED BY THE BACK = TRAJECTORIES 
FOR THAT DAY FOR THOSE LOCATIONS (FIGURE 6). BACK TRAJECTORIES 
WHICH ARE THE ESTIMATED LOCATIONS OF PARCELS OF AIR IN 6 HOUR STEPS 
UP TO L A.M. LOCAL TIME IN THE MORNING OF THE UE, Geseiy Behe L502 
SHOWN FOR OTHER LOCATIONS IN FIGURES 7, 8 and 9. THESE TRAJECTORIES 


CLEARLY SHOW THE AIR PARCELS ORIGINATING IN THE NEIGHBORING STATES. 


TOTAL SUSPENDED PARTICULATE MATTER (TSP) WHICH ARE MONITORED 
EVERY SIXTH DAY, WERE MONITORED ON FES. 20t4). “THE (LEVELS: OF TSP 


AND THE SULPHATE COMPONENT WERE VERY MUCH ABOVE NORMAL FOR S3OTH 


RURAL AND URBAN STATIONS ACROSS THE AREA. (TABLES 2A and 2B.) FOR 

A DAILY MEASUREMENT OF TSP, ONTARIO'S CRITERION FOR DESIRABLE AIR Ts 
120 ia ae THIS WAS EXCEEDED AT SEVERAL LOCATIONS. THE CONSISTENT 
HIGH SULPHATE COMPONENT WHICH IS INDICATIVE OF LONG RANGE TRANSPORT 
AVERAGED ABOUT 30% OF THE TSP MEASURED AT ONTARIO LOCATIONS. REDUCED 
VISIBILITIES HAVE BEEN RELATED TO HIGH SULPHATE concentrations. /'? 
THE U.S. - E.P-.A REPORT, "VISIBILITY IN THE NORTHEAST" CONCLUDED 
“THAT THE MAIN CONTRIBUTOR TO HAZE IN THE NORTHEAST IS SULPHATE, 
WHICH TYPICALLY ACCOUNTS FOR APPROXIMATELY 50% OF THE TOTAL EXT INCTION.® 
VISIBILITIES AT ONTARIO AIRPORTS WERE ABOUT 15 MI. ON THE AFTERNOON 

OF THE 19th WHILE ON THE AFTERNOON OF THE 20th, THE REPORTED 


VISIBILITIES WERE 6 MI. AND LESS. TABLE 3 SHOWS THE VISIBILITIES 


AT SOME LOCATIONS IN PENNSYLVANIA AND NEW YORK. 


ONTARIO'S AIR POLLUTION CONTROL LEGISLATION® INCLUDES A 
REGULATORY SYSTEM THAT ALLOWS THE GOVERNMENT CONTROL AGENCY TO ORDER 
OWNERS OF SIGNIFICANT EMITTERS OF SULPHUR DIOXIDE AND/OR PARTICULATE 
MATTER TO CURTAIL THEIR EMISSIONS DURING HIGH POLLUTION POTENTIAL 
CONDITIONS. ALERTS ARE ISSUED ON THE BASIS OF WEATHER FORECASTS 
AND ONTARIO'S AIR POLLUTION INDEX (API) WHICH IS A FUNCTION OF THE 
24-HOUR RUNNING AVERAGES OF SULPHUR DIOXIDE AND SUSPENDED PARTICULATE 
MATTER MEASURED IN TERMS OF THE COEFFICIENT OF HAZE. AN API OF 
LESS THAN 32 IS CONSIDERED ACCEPTABLE. AT THESE LEVELS CONCENTRATIONS 
OF SO, AND TSP SHOULD HAVE LITTLE OR NO EFFECT ON HUMAN HEALTH. AT 
THE ADVISORY LEVEL OF nye Mpngae) ol METEOROLOGICAL CONDITIONS FORECAST TO 


REMAIN ADVERSE FOR SIX HOURS, SIGNIFICANT SOURCES OF POLLUTION IN 


THE COMMUNITY IN WHICH A HIGH API OCCURS ARE REQUESTED TO CURTAIL 


OPERATIONS. THE SYSTEM IS DESIGNED WITH THE OBJECTIVE OF PREVENTING 

THE API FROM REACHING A LEVEL OF 57 IN ANY ONTARIO COMMUNITY. AT 

THIS LEVEL, RESEARCH BY DR. P.J. LAWTHER* INDICATED THAT HIS PATIENTS 
WITH CHRONIC RESPIRATORY DISEASE WERE NOTED TO EXPERIENCE AN ACCENTUATION 
OF SYMPTOMS. EVIDENCE OF THE RELATIONSHIP OF THE API AND HEALTH 

WERE REPORTED BY LEVY ET oie WHO RELATED THE API WITH INCREASING 


HOSPITAL ADMISSIONS FOR ACUTE EXACERBATIONS AMONG ADULTS WITH CHRONIC 


RESPIRATORY ILLNESS AND CHILDREN WITH ACCUTE RESPIRATORY DISEASE. 


DURING THE INCIDENT OF FEBRUARY 19 =- 21, THE API EXCEEDED 
32 IN THREE ONTARIO CITIES WHERE SIGNIFICANT SOURCES WERE REQUESTED 
TO CURTAIL EMISSIONS. SARNIA IN THE SOUTHWEST, FIRST TO EXCEED 32 
AT 10:00 A.M. OF THE 20th, REACHED A MAXIMUM AT 43 AT 3:00 P.M. OF 
THAT DAY. HAMILTON AND TORONTO API EXCEEDED 32 AT 4:00 A.M. AND 
6:00 A.M. OF THE 21st REACHING MAXIMUM LEVELS OF 34 AND 33 RESPECTIVELY. 
_THE INCIDENT IS OF INTEREST IN THAT ALTHOUGH A SIGNIFICANT CONTRIBUTION 
TO POLLUTANT LEVELS, ESTIMATED AT APPROXIMATELY 50%, ORIGINATED IN 
UNITED STATES, CANADIAN SOURCES HAD TO BEAR THE COST OF CURTAILING 
EMISSIONS TO PREVENT ADDITIONAL AIR QUALITY DETERIORATION AND POSSIBLE 


HEALTH EFFECTS. 


WHILE WE HAVE DESCRIBED IN DETAIL ONE POLLUTION INCIDENT OF . 


THE LONG RANGE TRANSPORT OF POLLUTANTS, THIS IS NOT AN ISOLATED CASE. 
SULPHUR DIOXIDE WAS SHOWN TO HAVE BEEN TRANSPORTED INTO SOURTHERN 


ONTARIO ON JANUARY 24, 1977. A RURAL STATION NORTH OF LAKE ERIE 


RECORDED 24-AVERAGE CONCENTRATION ABOVE ONTARIO'S CRITERION. © ese 


ARE IN THE SCIENTIFIC LITERATURE MANY DOCUMENTED ACCOUNTS TO THE 


7 1 
TRANSPORT OF POLLUTANTS SUCH AS SULPHATES, NITRATES AND ozone (Fro F 10422 


5. 


THE STUDIES FOR THE NORTHEASTERN UNITED STATES AND ONTARIO 
OFTEN SHOW THEIR OCCURRENCE TO BE DIRECTLY RELATED WITH THE 


BACK-OF-THE-HIGH SOUTHWESTERLY CIRCULATION OF STABLE AIR. 


FOR THE RECEPTOR AREAS OF NEW YORK, PENNSYLVANIA AND 
ONTARIO THIS AIR FREQUENTLY FIRST PASSES THROUGH THE INDUSTRIALIZED 
OHIO VALLEY THAT HAS MANY OF THE LARGE COAL“FIRED POWER PLANTS 
REQUESTING A RELAXATION OF STANDARDS. FIFTEEN MAJOR INCIDENTS 
OF HIGH SULPHATES SUCH AS THAT WHICH HAS BEEN DESCRIBED BY DR. 
LYONS FOR THE PERIOD AUGUST 16 to 28, 1976, OCCURRED DURING THE 


PERIOD OF 1976 - 1980. 


I WOULD NOW LIKE TO TOUCH ON THE TRANSPORT OF OZONE, INTO 
THE NEW YORK - PENNSYLVANIA - ONTARIO AREA, BECAUSE OZONE IS 
BELIEVED TO BE A PROMOTER OF SO, OXIDATION TO SULFATE AND RESULTANT 


HAZE FORMATION. 


DURING THE SUMMER ONTARIO OBSERVES THAT AIR MASSES FROM 
THE SOUTH CONTAINS OZONE AS WELL AS SULPHATES. OZONE LEVELS IN 
BOTH RURAL AND URBAN AREAS OFTEN EXCEED 80 ppb, the ONTARIO 
CRITERION FOR DESIRABLE AIR AS WELL AS THE U.S. - E.P.A. STANDARD 
OF 120 ppb. FIGURE 10 SHOWS THE LOCATION OF ONTARIO's OZONE 
MONITORING STATIONS. AS CAN BE SEEN FROM TABLE 4. THE HOURLY 
AVERAGE OZONE LEVELS HAVE EXCEEDED 200 ppb, THE FIRST ALERT LEVEL 
IN THE BAY AREA OF CALIFORNIA. THE NUMBER OF EPISODE DAYS THAT 
OZONE EXCEEDED ONTARIO'S CRITERION ATLEAST ONE OF THE MONITORING 
STATIONS IN OPERATION SINCE 1978 RANGE FROM 43 IN 1978 TO 14 
IN 1979 AND 1980. FROM MAY 15 to SEPTEMBER 15 WHEN ELEVATED 


LEVELS OF OZONE MAY BE EXPECTED IN ONTARIO, THE CRITERION WAS 


EXCEEDED ON 110 DAYS OR ALMOST 20% OF THE TOTAL NUMBER OF DAYS 


DURING THE 5 YEAR PERIOD OF 1976 TO 1980. 


BACK - TRAJECTORIES OF AIR PARCELS SHOW THAT ON A 
CONSISTANT BASIS AIR ARRIVING IN SOUTHERN ONTARIO WITH A HIGH 
SULPHATE AND/OR OZONE CONTENT AND POOR VISIBILITY ORJINATES 
SOUTH OF THE GREAT LAKES .° THE RESULTS ARE SIMILAR TO THAT REPORTED 
FOR NEW YORK STATE? THAT INDICATED COMPARATIVELY CLEAN AIR Wey 1202 
ASSOCIATED WITH A NORTHERLY CIRCULATION AND CONTAMINATED AIR 
WITH POOR VISIBILITIES WITH CIRCULATIONS FROM THE SOUTHWEST. 
IN THE SUMMER, IT IS A COMBINATION OF SULPHATES AND OZONE THAT 
ARRIVES WITH A SOUTHERLY CIRCULATION AND REDUCES VISIBILITY. IN 
THE WINTER, SULPHUR DIOXIDE AND PARTICULATE MATTER WITH A HIGH 
COMPONENT OF SULPHATES HAVE BEEN NOTED TO BE ASSOCIATED WITH 


THIS AIR MASS ORIGINATING SOUTH OF US. 


ANOTHER IMPACT OF TRANSPORTED POLLUTANTS OTHER THAN A 
REDUCTION IN VISIBILITY OCCURS AS A RESULT OF THEIR DEPOSITION 
FROM THE ATMOSPHERE. HERE AGAIN BACK TRAJECTORY ANALYSES WE ne 
USED TO DETERMINE THE SOURCE AREA OF SUCH IMPACT. DATA FROM 
PRECIPITATION COLLECTORS OPERATED IN THE MUSKOKA - HALIBURTON 
AREA OF SOUTH - CENTRAL ONTARIO FOR ALMOST A 3 YEAR PERIOD, 
COMBINED WITH BACK - TRAJECTORY ANALYSES, SHOWED THAT ABOUT 
75% OF THE PRECIPITATION EVENTS AND MOREOVER APPROXIMATELY 
80% OF THE WET ACID DEPOSITION AT THE SITE WERE ASSOCIATED WITH 
AIR MASSES ARRIVING FROM THE SOUTH AND SOUTHWEST. COMPARA CIVELY 
A SMALL PERCENTAGE OF THE LOADINGS CAME FROM THE NORTH AND NORTHWEST 


WHERE SUDBURY SMELTERS ARE LOCATED. 


I MENTION THIS STUDY AS ANOTHER PIECE OF EVIDENCE WHICH WE 


USED IN CONSIDERING THE CONTROL OF ONTARIO SOURCES. 


MORE GENERALLY, ALL THE BACK - TRAJECTORY STUDIES I HAVE 
DISCUSSED LIKE THOSE OF DR. PAR? Y SAMSON, ILLUSTRATE CLEARLY 
THE SIGNIFICANT TRANSPORT OF POLLUTANTS INTO NEW YORK, PENNSYLVANIA 
AND ONTARIO. WE FEEL THAT IT IS TIME EPA TAKES A POSITIVE ROLE 


IN CONTROLLING THESE TRANSBOUNDARY POLLUTION PROBLEMS. 
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TWENTY-FOUR HOUR AVERAGE 


SULPHUR DIOXIDE CONCENTRATIONS (ppb) 1979 


Location 19 Feb 20 Feb 21 Feb 
Windsor 60 80 40 
Sarnia 60 130 40 
Courtright 30 70 40 
London 20 50 30 
Douglas Point 11 53 33 
Inverhuron (Tiverton) 10 40 20 
Peacock Point 22 59 31 
Simcoe ~ 70 50 
Kohler Road 24 61 49 
Cheapside 0 60 40 
Kitchener 10 40 30 
Niagara Falls 20 50 40 
St. Catharines 20 50 30 
Ft. Erie 10 70 40 
Hamilton 20 50 50 
Metro Toronto (1) 30 80 40 

(2) 45 106 23 

(3) 40 110 30 

(4) 20 60 30 

(5) 20 50 30 
Burlington 30 40 50 
Oakville 10 60 40 
Oshawa 30 100 50 
Mississauga 30 50 20 
Barrie 20 50 50 
Stouffville 0 40 30 
Ottawa 20 70 50 
Cornwall 50 60 70 
Kingston 11 ut 23 
Peterborough 10 50 30 
North Bay 10 40 40 
Verner 10 40 40 
Sudbury 20 40 30 
Lake Penage 0 20 20 


Burwash 0 30 40 
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TWENTY-FOUR HOUR AVERAGE 


SULPHUR DIOXIDE CONCENTRATIONS (ppb) 1979 (cont'd) 


Location 19 Feb | 20 Feb 21 Feb — 
Jamestown, NY 14 49 wis for 
Buffalo, NY (1) 49 102 4 | 

, (2) 28 nf) 4u 
Lackawanna, NY 40 82 4] 
Tonawanda, NY oe 107 51 
Niagara Falls, NY | 42 ie 45 
Rochester, NY 47 64 ~ 
Utica, N'Y: Zt 43 33 
Syracuse, NY (1) 26 49 34 

(2) 19 42 29 
Schenectady, NY 30 ae 52 
Altoona, Penn. 7 45 ie) 
Newport, Penn Ih 34 
Harrisburg, Penn 34 72 
Bay County, Michigan 20 mu 20 
Flint, Michigan 30 50 20 
Lansing, Michigan 40 60 30 
Grand Rapids, Michigan 40 OU 20 
Macomb County, Michigan 30 70 20 
Monroe, Michigan 40 5 70 30 
Muskegon, Michigan 30 70 40 
. Detroit, Michigan 20-40 50-100 10-30 
Milan, Michigan 20 50 20 
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Sack-trajectories showing Estimated Air Parcal locations at 8 hour intervals Terminating at 0100 EST 


Fab. 19/79 
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Back-trajectories showing Estimated Air Parcel locations at 6 hour intervals Terminating at 0100 EST 


Feb. 20/79 
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intervals Terminating at 0100 EST 


Back-trajectories showing Estimated Air Parcel locations at 6 hour 


Feb. 21/79 


Fp erg 


Concentrations of Total Suspended Particulate Matter, 


Location 


Windsor, Ont 

Courtright, Ont. 

Sarnia, Ont. 
London, Ont. 


St. Catharines, Ont. 
Hamilton Ont. 
Metro Toronto, Ont. 


Oakville, Ont. 
Pickering, Ont. 
Oshawa, Ont. 
Mississauga, Ont. 
Ottawa, Ont. 
Belleville, Ont. 
Brockville, Ont. 
Cornwall, Ont. 
Peterborough, Ont. 
North Bay, Ont. 
Sudbury, Ont. 


Altoona, PA 
Rochester, PA 
Beaver Falls, PA 
Monessen, PA 
Donora, PA 
Sharon, PA 
Washington, PA 
Erie, PA 
Farrell, PA 
Harrisburg, PA 


Table 
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Sulphate, and Nitrate (ug/m3) 
20 February 1979 


Sulphate 


34.5 
41.0 
49.2 
30.7 


28.5 
34.5 
33.3 
28.3 
250) 
34.0 
35.0 
35.3 
Toi 
23.3 
23.9 
30.5 
19.1 
25.6 
26.3 
27.2 
24.7 


36.8 
31.8 
35.9 
45.7 
51.2 
32.8 
27.6 
18.3 
199 
29.0 


Nitrate 
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CONCENTRATIONS OF TOTAL SUSPENDED PARTICULATE MATTER, 


SULPHATE AND NITRATE (ug/ms ) 


20 FESRUARY 1979 


Location TSE Sulphate Nitrate 
Buffalo, NY (1) 130 37.3 8.5 
(2) 85 21.0 vp, 
Niagara Falls, NY 30 he ouh 
Jamestown, NY 57 £256 0.6 
Poughkeepsie, NY at hoe a 
Rochester, NY (1) rade) 20.1 2.8 
(2) 2) hone 350 
(3) 79 19.4 Bell 
(4) 80 his pe, Sigh 
Utica, NY 69 L729 a, 
Syracuse, NY 145 bl 6.1 
Troy, NY 52 17.8 0) 
Hamstead, Long Island, NY 101 | 18.5 8.6 
Campbell, Ohio 182 47.9 15.5 
Youngstown, Ohio 112-223 46.0 Sal 
Canton, Ohio 74-184 22-42.4 10-17 
Toledo, Ohio 88-130 28.9 8.4 
Defiance, Ohio 52-67 18.2 Vaso 
Detroit, Michigan 106-283 - = 
Lansing, Michigan 69-9 1 - = 
Muskegon, Michigan 53-69 - = 


Grand Rapids, Michigan 96 - 


TABLE 3 


VISTBILITX (IN MILES IN THE AFTERNOON OF FEB. 19. AND 


Pees. 120/19 , 


LOCATION FEB, 19 FEB. 20 
PITTSBURGH, PA. 10 5 
BRADFORD | 25 | 10 
PHILLIPSBURGH wee, 4 
ALTOONA | 7 | 5 
BUFFALO, NY | 12 r47 
ROCHESTER | “Ys 7 


BINGHAMPTON pa 7 
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MAXIMUM ONE HOUR OZONE CONCENTRATIONS (PPB) 


HURON PARK 
WINDSOR 
MERLIN 
SARNIA 
PETROLIA 
LONDON 

SIM COE 
RITCHENER 

ST. CATHARINES 
HAMILTON 
TORONTO 1 
TORONTO 2 
SCARBOROUGH 
NORTH YORK 
ETOBICOKE 1 
ETOBICOKE 2 
MISSISSAUGA 
OAKVILLE 
HOLLAND MARSH 
STOUFFVILLE 
OTTAWA 
CORNWALL 
WESLEYVILLE 
ORONO 


ONTARIO 


*-=no data available. 
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THE USE OF LAKE STUDIES IN MEASURING ATMOSPHERIC POLLUTION 


Thp BRYDGES 


GOOD EVENING, MY NAME IS TOM BRYDGES. TAM THE. SUPERVISOR 
OF THE LIMNOLOGY SECTION OF THE ONTARIO MINISTRY OF THE 


ENVIRONMENT, WATER RESOURCES BRANCH. 


THE LIMNOLOGY SECTION IS A GROUP OF ABOUT 35 SCIENTISTS 
AND TECHNICIANS CONDUCTING A NUMBER OF LAKE STUDIES INCLUDING 
SOME RELATED TO THE SUBJECT OF THESE HEARINGS - THE INFLUENCE 


OF SULPHUR DIOXIDE ON THE ENVIRONMENT. 


MY BRIEF COMMENTS WILL GIVE YOU SOME UNDERSTANDING OF HOW 
OUR LAKE STUDIES GIVE DIRECT INFORMATION ABOUT THE DEGREE OF 
ATMOSPHERIC POLLUTION AND HOW THE SURFACE WATER QUALITY REACTS 


TO THAT POLLUTION. 


ONTARIO OPERATES A NETWORK OF AIR QUALITY MONITORING STATIONS 
SHAT MEASURE SULPHUR DIOXIDE IN THE AMBIENT AIR AS WELL AS. LHE 


WET DEPOSITION OF A VARIETY OF COMPOUNDS. 
BULK COLLECTORS ARE OPEN AT ALL TIMES AND COLLECT PRECIPITATION 
Prus SOME FRACTION OFY THE PARTICULATE. MATIER. THiS Gives A 


PARTIAL ESTIMATE OF THE DRY DEPOSITION. 


EVENT COLLECTORS OR WET - ONLY COLLECTORS ARE OPEN ONLY 


Soe oane PRECTPITATION. 


Pun AIR QUALITY NETWORKS HAVE A Weaawnecs IN THAT TAER 


13] 


IS NO INSTRUMENTATION WHICH CAN MEASURE THE DRY DEPOSITION 


ACCURATELY. 


HOWEVER, THE LAKES, RIVERS AND WATERSHEDS THEMSELVES ARE 
THE ULTIMATE “*"COULECTORS “40F POLLUTION DEPOSITED § ROMY tee 
ATMOSPHERE. ONE RESEARCH APPROACH THAT WE HAVE USED HAS BEEN 
TO CONSIDER LAKES AND WATERSHEDS AS GIANT DEPOSITION COLLECTORS, 
THIS CONCEPT IS CALLED "CALIBRATING WATERSHEDS AND LAKES". | 
COMBINATIONS OF WATERSHEDS, STREAMS AND LAKES ARE SUBJECTED TO 
INTENSIVE MEASUREMENT. THESE CALIBRATED WATERSHEDS ARE THE 
PRIME SOURCE OF INFORMATION ON THE EFFECTS OF ACID RAIN. OUR 
MAIN STUDY LOCATIONS ARE NEAR SUDBURY AND DORSET, ONTARIO. | 


HYDROLOGIC GAUGING STATIONS SET UP ON THE INFLOWS AND OUTFLOWS | 


OF LAKES, ALLOW US TO MEASURE THE FLOW OF WATER AND DISSOLVED 


SUBSTANCES INTO AND OUT OF THE LABS AND WATERSHEDS ACCURATELY. 


| 
| 
| 


THESE MEASUREMENTS, PERMIT THE CALCULATION OF MASS BALANCES. 


COMPARISON OF THE MASS BALANCES WITH THE INPUTS MEASURED AS 
WET DEPOSITION CAN GIVE ESTIMATES OF DRY DEPOSLTTION,. WHICH is 


OTHERWISE: VERY DIFFICULT TO MBASURE< 


THE CALIBRATED WATERSHEDS ARE SUBJECTED TO DETAILED BIOLOGICA 


SAMPLING AND THUS, SERVE TO QUANTIFY THE CHEMICAL AND BIOLOGICAL 


H 
| 


EFFECTS OF) POLLUTANT DEPOSITION. RELATIONSHIPS ESTABLISHED BY 


DETAILED STUDIES CAN BE EXTRAPOLATED TO LARGE NUMBERS OF LAKES 
FOR WHICH LESS TOTAL DATA ARE AVAILABLE. EACH STUDY LAKE 

REQUIRES A GREAT DEAL OF MANPOWER AND FINANCIAL RESOURCES. THIS! 
MEANS, THAT AT ANY GIVEN TIME THE NUMBER OF “DOCUMENTED” (CASEs £ 


OF EFFECTS MEASURED IN CALIBRATED WATERSHEDS IS SMALL. THE 


EXTENSIVE NATURE OF THE DAMAGE MUST BE INFERRED BY EXTRAPOLATION. 


FOR EXAMPLE, SOME INFORMATION WHICH IS QUITE RELEVANT TO 
ONTARIO'S ACTION REGARDING THE INCO SMELTER HAS COME FROM CALIBRATED 
WATERSHED STUDIES NEAR SUDBURY. THE TOTAL SULPHUR DEPOSITION, FOR 
PARTICULAR WATERSHEDS AS MEASURED BY THE MASS BALANCES IS UP TO 
3.5 TIMES GREATER THAN THE FRACTION MEASURED BY BULK COLLECTION 
(i.e. THOSE OPEN TO THE ATMOSPHERE AT ALL TIMES, HENCE, COLLECTING 
RAINFALL AND SOME PARTICULATE MATERIAL, BUT NOT GASES). WHOLE LAKE 
CALCULATIONS HAVE SHOWN THE TOTAL DEPOSITION TO BE FROM 2.5 TO 4.2 


TIMES GREATER THAN THE FRACTION MEASURED BY THE BULK coLLEcTorS.** 


THESE RESULTS PROVIDE STRONG EVIDENCE OF THE INTERACTION OF 
ATMOSPHERIC POLLUTION AND SURFACE WATERS,AND THAT THE LARGE LOCAL 


SOURCE IS STILL HAVING SIGNIFICANT ENVIRONMENTAL EFFECTS. 


SIMILAR STUDIES BEING CONDUCTED ON CALIBRATED WATERSHEDS IN 
AR REMOTE AREA OF NEW YORK INDICATE THAT WHILE TOTAL DEPOSITION OF 
SULPHATE IS HIGH, THE APPARENT "DRY" COMPONENT, COMING FROM THE 


2 
INTERACTION OF SULPHUR DIOXIDE AND SURFACE WATERS, IS LOW. 


THERE ARE A SERIES OF CALIBRATED WATERSHED STUDIES BEING 
CONDUCTED IN EASTERN NORTH AMERICA, EACH WITH CAPABILITIES OF 
MEASURING THE INFLUENCE OF WET AND DRY DEPOSITION FROM THE 


ATMOSPHERE. 


WORK ON OUR LAKES AND STREAMS IS CONTINUING, PARTICULARLY 
AT DORSET, WITH WATER QUALITY CHANGES AND RESULTING BIOLOGICAL 


EFFECTS BECOMING BETTER DEFINED. OF COURSE, CONCLUSIONS ARE 


CONSTANTLY BEING MADE FROM COMPARISIONS BETWEEN OBSERVATIONS AT 


DORSET AND OBSERVATIONS AT OTHER LOCATIONS EXPERIENCING ACIDIFICATIG 


OF SURFACE WATERS SUCH AS THE ADIRONDACK MOUNTAINS, SCANDINAVIA | 


AND THE SUDBURY AREA. 


AS WE HAVE INDICATED, OUR RESULTS PERTAIN TO ONTARIO, HOWEVER, 
SIMILAR RESULTS FROM STUDIES IN THE UNITED STATES MUST BE USED IN 
THE DECISION-MAKING PROCESS BY YOUR AGENCY, JUST AS THEY HAVE BEEN 


USED BY’ OUR IMZINISTRY 


I WILL VERY BRIEFLY TOUCH ON WHAT WE FEEL ARE SOME VERY 


IMPORTANT OBSERVATIONS REGARDING WATER QUALITY. 


IN MOST PARTS OF THE PRECAMBRIAN SHIELD, THE ACIDS ASSOCIATED 
WITH THE ATMOSPHERIC DEPOSITION OF SULPHATE ARE NEUTRALIZED IN THE 
WATERSHED DURING MOST OF THE YEAR. RETENTION (NEUTRALIZATION) OF 
HYDROGEN ION DEPOSITION HAS BEEN MEASURED AT 883% AND 98% ON AN 


3, 
ANNUAL BASIS AT KENORA AND DORSET RESPECTIVELY. 


HOWEVER, IN SPITE OF THE LOW TOTAL DISCHARGE OF ACL. “TOMeSS 
LAKES, MANY De eo PEN TAL WATER OUALITY EFFECTS ARE BEING OBSERVED. 
THE HYDROGEN IONS (ACID) STORED IN THE SNOW IS RELEASED IN A SHORT 
TIME DURING RUNOFF IN THE SPRING THAW AND MOST OF THE TOTAL ANNUAL 
ACID INPUT OCCURS DURING THE SPRING MELT. THE LARGE VOLUME OF WATER, 
COUPLED WITH LESS CHANCE FOR INTERACTION WITH THE SOIL, WHICH, MAY 


BE FROZEN, RESULTS IN SHOCK LOADINGS OF ACID TO STREAMS AND TO THE 


SURFACE WATERS OF LAKES. 


Sey, ee, COMPARED pH VALUES OF A SERIES OF SMALL STREAMS AND 
LAKE OUTFLOWS AT DORSET BEFORE AND DURING SPRING RUNOFF. (SEE 
TABLE 1). AT THE VERY MINIMUM, THE SURFACE WATERS OF THE ENTIRE 
LAKES WERE ACIDIFIED DURING THIS PERIOD OF TIME. THE LOWEST pH 
VALUES, 4.8 - 5.0, OBSERVED IN LAKE OUTFLOWS, ARE WITHIN A RANGE 
CAPABLE OF CAUSING DAMAGE TO AQUATIC LIFE, PARTICULARLY TO FISH.° 
AS MUCH AS 75% OF THE MEASURED YEARLY ACID DISCHARGE FROM THE 
WATERSHEDS RAN OFF IN APRIL. FIGURE 1 SHOWS A TYPICAL HYDROGRAPH 
FOR ONE OF THESE STREAMS, EMPHASIZING THE HIGH SPRING WATER FLOW, 


HIGH ACID DISCHARGE, AND LOW pH VALUES. 


THERE ARE ABOUT 30 STREAMS UNDER STUDY IN THE DORSET CALIBRATED 
WATERSHEDS AND SOME HAVE RESULTS FOR A PERIOD OF FIVE YEARS. THE 
RESULTS FOR THE HARP LAKE WATERSHED PRESENTED HERE ARE TYPICAL OF 
THE. FULL, SET. OF CoE R CATIONS AND IT CAN BE CONCLUDED THAT ATMOSPHERIC 
ACID LOADINGS ARE CAUSING PERIODIC WATER QUALITY CHANGES. THE 
STUDY LAKES ALL HAVE LOW ALKALINITIES AND ARE REPRESENTATIVE OF 


THOUSANDS OF LAKES IN THE PRECAMBRIAN AREA. 


THE DISTRIBUTION OF ALKALINITY DATA FOR A NUMBER OF LAKES 


THROUGHOUT THE PROVINCE IS SHOWN ON TABLE 2. 


THE NUMBER OF LAKES SAMPLED IN EACH AREA TO DATE, IS SMALL IN 
COMPARISON TO THE TOTAL LAKES IN THESE AREAS, BUT BASED ON THIS 
DATA IT IS BECOMING CLEAR THAT A VERY HIGH PERCENTAGE OF THE LAKES 
IN THE ENTIRE PRECAMBRIAN SHIELD FALL IN THE EXTREMELY OR MODERATELY 


SENSITIVE CATEGORIES. 


IT IS IMPORTANT TO REALIZE THAT THE ALKALINITY VALUES COVER 


A WIDE RANGE OF VALUES. A CERTAIN NUMBER OF LAKES WILL HAVE THE 
CAPACITY TO NEUTRALIZE A PARTICULAR ACID INPUT, AND THOSE WITH LESS” 
NEUTRALIZING CAPACITY WILL BE DAMAGED. THE GREATER THE ACID rNEuT A 
THE GREATER THE NUMBER OF LAKES AFFECTED AND THE GREATER THE DEGREE 
OF DAMAGE LIKELY TO BE CAUSED IN THE AFFECTED LAKES. THEREFORE, WE) 
BELIEVE THAT ALL INCREASES IN ACID LOADINGS WILL BE DETRIMENTAL, 


WHILE ALL. REDUCTIONS WILL BE BENEFICIAL TO SOME DEGREE. 


FISH POPULATION DAMAGE IS A MAJOR CONCERN AS IT REPRESENTS 
LOSS TO THE SPORT FISHING INDUSTRY AND SERIOUS DISRUPTION OF THE | 
BIOLOGICAL FOOD CHAIN SINCE MANY BIRDS AND MAMMALS DEPEND ON FISH 
BOR. FOOD>. COMPLETE LOSS OF FISH TENDS TO BE REGARDED AS THE 
DEFINITION OF A "DEAD" LAKE. 

SOME OF THE STUDY LAKES AT DORSET HAVE BEEN SUBJECTED TO 
INTENSIVE FISH ROPULATION MEASUREMENTS AND SEVERAL OBSERVATIONS 


ARE RELEVANT. 


PLASTIC LAKE HAS EXPERIENCED FISH KILLS DURING SNOW MELT WHEN 
THE pH HAS BEEN AS LOW AS» 4.74 FISH CAGING EXPERIMENTS IN THE 
SPRING OF 1981 HAVE CONFIRMED THE TOXIC CONDITIONS, PARTICULARLY 
NEAR THE INLET STREAMS, WHERE THE TEST FISH ALL DIED WITHIN TWO 
DAYS. THE PH AT THE INLET LOCATION WAS AS LOW AS 40 One THERE WAS 
-NO MORTALITY IN CONTROL STREAMS DURING THE SAME PERIOD WHERE THE DH 
WAS NEVER MEASURED AT LESS THAN 6.1. SIMILAR EFFECTS HAVE BEEN 


%,9 
-OBSERVED IN LAKES IN NORWAY AND SWEDEN. 


WHITE SUCKERS ARE AN IMPORTANT "TEST SPECIES" SINCE THEY 
ARE NOT SUBJECT TO MUCH DIRECT FISHING PRESSURE AND THEREFORE, CHANGES 


IN POPULATION ARE MAINLY DUE TO ENVIRONMENTAL EFFECTS. 


IN ONE STUDY LAKE, A DISTINCT SHIFT TOWARD A YOUNGER AVERAGE 
AGE OF WHITE SUCKERS WAS OBSERVED. THIS IS BELIEVED TO BE A 
CHARACTERISTIC RESPONSE TO LAKE ACIDIFICATION. SIMILAR EFFECTS 


HAVE BEEN OBSERVED IN norway.?° 


YET ANOTHER STUDY LAKE HAS A YEAR CLASS OF THIS SPECIES 
MISSING. THIS IS ALSO A CHARACTERISTIC OF LAKES SUBJECT TO 


ACIDIFICATION DAMAGE. 


THESE OBSERVATIONS PROVIDE STRONG EVIDENCE THAT THE FISHERIES 
ARE BEGINNING TO SUFFER UNDER THE PRESENT ACID LOADING CONDITIONS. 
IT IS REASONABLE TO ASSUME THAT SIMILAR CHANGES ARE TAKING PLACE 
IN THE MANY THOUSANDS OF LAKES WITH SIMILAR ALKALINITIES WHICH 


ARE LIKELY EXPERIENCING SIMILAR WATER QUALITY EFFECTS. 
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“Spring pH Depression” of a Stream 

Graph illustrating “spring pH depression” in ane of the six 
inflowing streams to Harp Lake, a study lake in Muskoka. 

As the spring runoff increases the amount of water, the acidic 
melted snow causes the stream pH to drop, producing severe 
chemical “shock” effects on aquatic life. 
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pH 


TABLE Ja 
pH OF STREAMS IN MUSKOKA-HALIBURTON, ONTARIO, CANADA: 
STREAM pH IS GIVEN PRIOR TO SPRING RUNOFF (MID-MARCH 1978) 
AND AT MAXIMUM RUNOFF (MID-APRIL 1978) 


Annual Average Alkalinity data from Scheider (Pers. Comm) 


Watershed Annual 
Average Stream , pH 
Alkalinity Number Mid-March: Mid-—April 
nweq/1 ues 
AT: FA MEE Rte SR oe ie es ee ek, Se ee Ck EE MOR He 
Harp Lake 96 z! 6 has Spat 
3A 6:..0 5.6 
5 5.9 4.8 
6 bez 5.3 
6A 5.4 520 
Outflow 6.3 Sac 
Dickie Lake 55 5 '4.6 peas 
6 4.6 4.4 
seek 4.9 461 
Outflow 5:36 4.9 
Po 
Chub Lake 61 sl 5 a8 a el 
2 eye 4.7 
Outflow a5 4.8 
Red Chalk Lake 92 uf 6.1 5.6 
2 aS 4.3 
3 6.0 535 
4 ord = yess 2g 
Outflow yee 4 Sets 


are 


Partial Table From: Jeffries et aly /1979 


TABLE 2 SUMMARY OF THE PERCENTAGE OF LAKES IN EACH ALKALINITY CLASS BY COUNTY OR DISTRICT 


Percentage of Total No. of Lakes in each Alkalinity Class 


County or Extreme Moderate Low Not Total No. 

District Acidified Sensitivity Sensitivity Sensitivity Sensitive of Lakes 

(< 0 pweq/1) (>0 to 39.9 peq/1) (40 to 199 peg/1) (200 to 499 yeq/1) (> 500 uweq/1) Surveyed 

< In County 

District 
Algoma District 5 11 30 28 26 163 
Bruce Co. 100 i? 
Cochrane Dist. y ll 82 27 
Durham Co. 100 Z 
Frontenac Co. 6 94 64 
Grey Co. 100 3 
Haliburton Co. 24 39 22 15 112 
Hastings Co. 21 _ ll 68 63 
Huron Co. 100 1 
Kenora Dist. 14 25 61 88 
Lanark Co. 100 15 
Leeds Co. 100 24 
Lennox &' . 36 12 52 25 

& Addington Co, 

Manitoulin Dist. ee 29 3 3 13 et 
Middlesex Co, 100 1 
Muskoka Dist. 1 30 | 61 2 6 is 


» « econtinued/ 
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Percentage of Total No. of Lakes in each Alkalinity Class 


a a ee ee 


County or Extreme Moderate Low Not Total No. 
District Acidified Sensitivity Sensitivity Sensitivity Sensitive of Lakes 
(< 0 weq/1) (>0 to 39.9 neg/1) (40 to 199 yeq/1) (200 to 499 yeq/1) (> 500 peq/1) Surveyed 
In County/ 
District 
i a ee eS a uaa RIES TEREST ONES mete 
Nipissing Dist. f 9 75 13 3 i 
Northumbe:r- 
land Co. . 100 1 
Ontario Co. 100 5 
Parry Sound 
Dist. 5 20 64 10 1 107 
Peel Co. : 100 1 
Peterborough Co. 4 ve 16 6 74 49 
Prince Edward 
Co. 100 3 
"Rainy River | 
Dist. | 3 64 19 14 99 
Renfrew Co. 8 32 60 50 
Simcoe Co. - . 100 pase} 
Stormont Co. 100 1 
Sudbury Dist. 24 29 23 h2 12 210 
Thunder Bay 
Dist. A pe 7A rai 45 136 
Timiskaming 
Dist. 13 . ; 7 27 53 30 
Victoria Co. 100 1] 
York Co. e200 . 2 


REMARKS BY DR. G. VAN VOLKENBURGH 


WHAT MODELLING TELLS US ABOUT ONTARIO, NEW YORK AND PENN- 


SYLVANIA TRANSBOUNDARY AIR POLLUTION 


1. INTRODUCTION: 


Until a few years ago, we were primarily concerned with 
air quality in the vicinity of a pollutant source. Concen- 
trations were considered high, if they were above levels 
determined to be harmful to plants and human health. Using 
this criterion, even large pollutant sources could be 
considered to have little effect beyond distances of the 
order of tens of kilometers from the source. This way of 
looking at pollution ignored the effects of the large fraction 
Brethe/ emission wiica-Leftt this region of “local” air’ Gtality 

It is to be noted that applying the conventional short 
range models recommended by EPA, all the pollutants escape 
to greater distances, although in small concentrations. If 
we apply dry and wet deposition to the plume, then approximately 
80 - 90% of the poliutants would escape to greater distances 
Gesending on stack height. This is assuming that i0% On a6 


+ime the plume encounters precipitation at the release point. 


It 35 only recently that we have become aware of tne cumulative 
effect of small concentrations from a large number of sources. 


Secondary collutants from several sources can be high at distances 


of hundreds of xilometers from the source region. Furtnermore, 


Pie OCCUrTence Of aACiCO “ain has forced us to redefine the 


Mee tue o,  ficgh” aS aroliec to.local aix quality, 


Analysis of meteorology during high TSP episodes has shown 
the role of long-range transport. Mathematical modelling has 
also indicated the extent of pollution caused by long range 
transport. These models also determine the source-receptor 


relationships and develop emission control strategies. 


2. MODELLING ISSUES 


a. | What is a°LRO model? 
A LRT model is a description of the relevant physical system 
in the precise language of mathematics. Physical relationships 
in the system are replaced by ‘logical machenaciee | connections 
Or equations. Cause-effect relationships can be investigated 
by routine manipulation of equations. Since the physical 
Syscem is extremely complex, this description or model us 
necessarily incomplete. Models attempt to include variables 


which control the physical system, 


oO. 'Whatrdoés. a model oredict? 


In tnéory, a véerfectmodél Ys “possiole = “In practice, Uris 
is impossible because even if we had all tne equations to 
describe the system, we would not have the information to run 
fie models” sreeciiicaliy, we cola orealot tne ace oe released 
Darticles if we had the velocity field completely speci=ied 
at allwooints in space andetimes Thitsmis clearly impossible. 
Consider tne. fact that wind monitors are spaced at typical 
distances of tens of kilometers. This means tnat we Go not 
know the velocity tield between the monitors; This lack or 
information SeSvents us. =rom oreckcting the Concentration fieic 
corresponding to the orécisé time interval che velocities a 


measured. Then what does a model oredict 


Models are designed to predict the average over the 
concentrations corresponding to the model inputs. Ina 
long-range transport model these inputs typically consist 
of velocities, mean and their statistics, precipitation and 
mixed layer height. Since these inputs do not constitute 
all the information needed to estimate the observed 
concentration, 'we expect the model prediction to deviate 


from an observation. 


ce How do you use model results? 


Model predictions are expected to deviate from corresponding 
observations. The expected deviation is a function of 
averaging time. It decreases as the averaging time increases. 
words, the deposition at a receptor averaged over five years 
will deviate less from the model prediction than one year 
average will. What does the model tell us if the emission 
from a source is reduced? A reduction in emission increases 
the probability that the deposition will be below a given 
target value. The model cannot tell you whether the actual 
Geposition with the new emission rate will be below that 
corresponding to the old emission rate. Decisions nave to 

be based on probability rather than certainty. As an example, 
consider the automobile speed limit. We reduce the speed so 


mmat the probability that accidents occur decreases. Clearly, 


In otner 


2 
Ga 


we do not expect this decrease in speed limit to result 
in a decrease in the accident rate on the first day after the 
new speed limit is posted. On the other hand, it is 


reasonable to expect a decrease over a period of months. 


= 


Gy Long-range cranspore modelling: 


The effect of a single large source is "small" at large 
distances from the source. However, the cumulative effect of 

a large number of sources can be'large. This is the crux of the 
long-range transport problem. This means that the small 
Contrulemnvon Sscomya ssource Sunes is important relative to other 
snia Mibecontribuoions. ‘Tepberspeci si ciaconsider 20 sources, each 
of which contributes 5% to the deposition at a sensitive area. [Ff 
the total deposition is 2g =A yrot, each source contributes Oni 


Jur 7l, Under these circumstances, we have to assume that 


O.lg yb 
all the sources are equally guilty of causing the problem. A 
doubling of any one source doubles the culpability of the source 
relative to the other sources. The deposition at the receptor 
would become 44 m7? yr7+ if all the sources decided to double 


their emissions. 


het me describe ¢6 vou the model used in cur sunpmissteon ana 


some typical outputs of this model. The model (Venkatram 
et al 1981) is statistical in nature and simple. The only 
inputs required by the model are emission fields and receptor 


points. 


The model has three components, transport and dispersion, wet 
and dry scavenging, and chemistry. Transport and dispersion, 
is treated in a simple manner by prescribing the distribution 
of pollutants, inside a long-range, long-term plume with 
respect to a source. Linear chemistry is incorporated, due 
mainly to the lack of sufficient knowledge on non-linear 
chemistry. Wet and dry scavenging is treated in a unique manner 
by assuming a puff, released from the source, to encounter wet 
period and dry periods in a statistical sense. The model uses 
a background of 0.2 naan ee of wet deposition of sulphur. The 
- background is attributed to biogenic sources and sources not 


accounted for in the modei. 


The model nas been extensively reviewed by peers in the field 
and nas been accepted for publication in an international 
journal, Atmospheric Environment. This attests to the merits 


of the model. 


4. Results 


1. The first transparency shows the distribution sources in 

the inventory used in the model. The inventory is based on 

EPA's point source inventory compiled by Benkowitz of BNL from the 
NEDS and point and area source inventory of GCA. The Canadian 


sources are obtained from the AES, Canada and MOE inventories. 


All large (3100 K Tonnes/yr) point sources and 953% of 
major (310k Tonnes/yr) point sources were incorporated into 
the model's inventory to form effective point sources located 
at the @mission-weight geometric means of the co-ordinates of 
the contributing points. Care was taken to amalgamate only 
sources situated in similar geograpnic settings and, in general, 
less then 50 Km apart. Approximately 60% of all area sources 
and 72% all minor point sources were incorporated into the inventory 
adding minor point sources and area sources located near (4 50km) 
Major _points, to, that point), or combining small sources. concentration 


in large urban centers to form efiective, point, sources. 


bo 


The 2nd transparency shows the isopleths of total wet 
Seposi£ion or Sulohnur as predicted by thectmodel.. Note  enaciicne 
are all long term averages. The circles denote monitor locations, 


the larce numerals being monitor codes. 


3 The 3rd transparency shows the validation ci model sredicticnss 


 Gentotal wet Sulonus cepesvtien withwooservea aca. 


ae Tig se 


A background value of isqkmevee has been added to the 
model predictions to account for sources which nave not been 
considered in the inventory and biogenic sources such as sea spray, 
volcanoes etc. The geometic mean and standare deviationof the 
observed minus predicted is 1.16 and 1.64 attesting to the 


validity of the model. The "ideal" value of. m,,is unity. 


4, The 4th transparency shows isopleths of SO Sic acoha 


centrations predicted by the model. 


as The 5th transparency shows validation of the model predictions 
for o, concentration. A back ground value has not been added 
here as we gon't yet know what this background value lis. 


Nevertheless the comparison between the model predictions and 


observed data is quite good. If we adda background value of 1 ae 
palo the geometric mean and Standard deviation becomes 39 and 
as 

Ss The 6th transparency shows tne isopleths of ae air Coan= 
centration predicted by the model. In vlew On Ene Tact tat 


Mom.cors for ambient 50. concentration are not Srrictay 2 -eeOr 
local source effects we have not validated tne model as yet <or 


SOA. The levels o: BW. concentrations are reasonable. 


Zz e 
7. The 7th transparency shows the relative contribution 6f: 505 £0 
total wet sulphur deposition. This large contridution 1s attributed 
eo epic incloud oxidation Of SO5 to SO). This AMSLCU LFormation of 
SO} leads to efficient washout of SO,. It is noted that SO, is 
Srficientiy dry deposited too SO, nowever, is HOt Gry aepesi ced 


=" Q) = 
8. The 8th transparency shows a list of 20 power plants cited 


in the NY submission. 


oo The 9th transparency shows the results ofaAthe, contraburcion 

of these. 20 power plants. The first column shows the magnitudes 

of total wet deposition of sulphur to the 6 sensitive receptors. 

The other 4 columns show the percentage contributions from 1979 
emission levels of the 20 sources, the decrease in percent if 1979 
actual emissions were reduced to 1979 SIP maximums, percent increase 
if emissions rise from 1979 SIP max. to proposed maximum 


respectively. 


fe © ane 


EO. The lOth transparency shows -the results of the contribution of 

these 20 power plants to the SO, air concentration. 

The lst column shows the magnitudes of long term average SO, concentration 
to the 6 sensitive receptors. Columns 2-5 show the percentage 
contributions from 1979 emission levels of the 20 sources, the decrease 

in percent if 1979 actual emissions were reduced to 1979 SIP 

maximums, percent increase if emissions rise from actual 1979 levels 

to proposed new limits, and percent increase if emissions rise from 


1979 SIP maximums to proposed maximums respectively. 


ll. The llth transparency shows the results of the contribution of 


these 20 power plants on air concentration of SO,. 


The lst column shows the magnitudes of long-term average SO, 

concentration to the 6 senstive receptors. Columns 2-3 show the percentage 
contributions from 1979 emission level of the 20 NY sources, the decrease 
in percent if 1979 actual emissions were reduced to 1979 SIP 

maximums, percent increase if emissions rise from actual 1979 levels to 
mroposed new limits, and percent increase if emissions rise from Lo 


SIP maximums to proposed maximums respectively. 


2 The 12th transparency shows the 53 sources cited by Pennsylvania 


and N.Y. in the Federal Register. 


- 10 - 
oS The 13th transparency shows the magnitude of total annual wet 
deposition of sulphur at the 6 sensitive receptors and. the percent 
contribution by the 53 sources cited by Penn. and N.Y.. Also shown 


is a breakdown of contributions from other sources. 


I wish to note that the emissions from INCO used in these calculations 
were 1600 short tons/day. Previous speaker have intimated that the 
tonage from INCO is 3600 short tons/day and this is’ a distortion: of 

the actual situation. In actual fact the’ current regulated maximum 
emission level of INCO is 2500 short tons/day and because of strikes and 
shut-downs during the 1978 and 1979 period the average daily level for 


these years was less than 1600 short tons/day. 


The conzusion about emission inventories does not help any of us 


discuss the issues of transboundary pollution in a clear manner. 


14 The 14th transparency presents the magnitude of the long-term 
average SO 4 concentration at the six receptors and the percent con- 
tribution by the 53 sources. The contribution from cther sources is 


also shown. 


15. The 1L5th transparency presents the magnitude Of t€ne) Long-—ter 


average S05 concentration at the six sensitive receptors and tne 


©) 


ercent contribution by the 53 sources. Also the contr bouton arom 


other sources is snown. 
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SUMMARY OF RESULTS 


These results have shown the percentage contributions to 


the sensitive receptors for various source configurations. 


In view of the fact that the model 
we should not expect that a single 


this prediction. 
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6. CECISION MAKING 
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yncertainties in.weather.s «Economic cecisions are mace 
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be available in the n UNvVeapLS ta Ce Let 


me ask you, c act NOwswllivrere 


Precedents exist in the abatement area where cecisicns 
Aave been made on model ‘results..' for example, use of 
mreen in soray cans has been banned on model results 
that freon released Grom hese tcansiivoulduupset che C, 
Layer THeLTs20le, “Te SHOUlLa MOnl oe (aa rae oon ecc now 
anc Base veeeesiods ton "medals Svenw nt air cuatlcy”-moces 
COGAV VLACKH Go he DSacis tonMtAageuehwouse)! a: Lexa yen enires 
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eonclusions: 


In my presentation today I have described the model in relation 
to the terms of reference of the hearing. We have used the model 
for Ontario for emission control. Mr. Scott, the next speaker, 


will discuss the way in which these results have been used. 
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Total fannval Cvs Se wepos meron of 
Sulphur Comparison of Observed 
OME Model Estimate 


stacvioneno: Receptcr Name O38 Bee. CaS/PRED 
| gm7 a= | 
i Kingston, Ont. F. 265 0x93 wage 
2 Mmoosonee, Ont. O50G .0 LOmse tone 
3 DOUnGMPOneSE One.) FouSc oy eS 2.42 
4 Peterporougn, Ont. role: Ceed bes 
5 Pickel Lake, Ont. One Shed: 1.39 
6 S-WnGoe+--Ont-. ered 1,49 oy 
7 Wawa, Ont. Cece SRuese Lor 
8 Windsor, Qnt. Ze eee 1,49 
g Chibougamau, Que. A906. - = oKee Cue 
10 Maniwaki, Que. Cele Some 0795 
a Montreal, Que. 2n39 0.88 Coe Ore 
ye Merramaen Coty, fees. 9l § 2o8e3 0.98 
1s Albany Cnty, N.Y. iba 9 ees a as ae Ge gs 
14 Al PEGanvVeCneV ellen nao Cac breve! WSS 
3 Outcness iCnty, Noy. gsZo 1,48 OF oi 
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LONGITUDE 


-Long term average SO% concentration (assuming no background) contoured 
in Lag/n? intervals. Calculated using the @& i 


model. 


Long-term Average eT Concentrations 


Intercomparison of MOE statistical Model, estimate of 


Annual average SO, concentrations with annual average 


Concentrations at the 9 Class I SURE Phase II stations for 


different averaging times: 


Avg. Observed 
Station Concentrations* 
(microgram/m?) 


(1) (2) {3)) 


1. Montague, Amherst MA Site. 2.0 Suc 
C7270, 22°38+) 


2. Scranton, Scranton PA the] 1 Oo ih A 


(Sod Oy “41 eetO4 
3.4). Indian’ Ri», MiEPlsberosbeE Tt 6.9 6) 
WOR SOG SO oan 


4, Philo, Janesville OH Sere Dri Vago 
GS-2. OF 739-9 2) : 
> we ROCKDOrt ~ Owensboro: KY =). '5) Bike Le 


C87 -slegtemariet)-5>) 

6. Giles City, .Huntsville AL 8.9 8.4 BZ 

| (66 36,,° 34.57) 

7. Ft. Wayne, Ft. Wayne IN SPAY Tee 8 tes 
eG 2i ocd 1 03) 

32) Chapel Nii Raleigh NC Teas) Tenis) Tie, 
(GP-S Jojuri3 Se fd-) 

9. Lewisburg, Lewisburgh. WV 7.7 8.0 1 
(30a 5. 131.8) 


~) 


Averaging time: 

CE¥S | Avouse 2977) = (Gul weno 

(2y° November 1977 = October 1973 
(3) August 1977 = June 1978 


* 3. Niemann (1980) 


Model Estimate 
(microgram/m3) 
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Long term average SQ, concentration (assuming no bacxground) contoured 
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NOTE: Ail figures are in thousands of metric tons. 
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Power Plant 


PoE NKOLS 


i) epalowin 


INDIANA 

2). Clit «Creek 

3) Tanners Creek 
4) Michigan City 
S)) Culley 

6) Bailly 

7) eStoutstolmem.W. 
8) <Narrick 

6). Mitchell » Dean H. 
"MICHIGAN 

10) Cobb 

11) Campbell 

OHIO (T) 

12) Muskingum 

13) Cardinal 

14) Beckjord 


15) Poston 
16) Bayshore 
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TABLE 1 


Sources listed by the "Federal Register"* and "Inside EPA'** 


cited by Pennsylvania and New York for the 


KINCAID 
CAVIN 
KYGER CREEK 
CONSVILLE 
SAMMTS 
BURGER 


TORONTO 
MITCHELL 
HARRISON 

BALOWIN 

CLIFTY CREEK 
TANNERS CREEK 
MICHIGAN CITY 
CULLEY 
BAILLY 
STOUT, ELMER W, 
WARRICK 
MITCHELL, DEANH 
COBB 
CAMPBELL 
MUSKINGUM 
CARDINAL 
3ECKJORD 
POSTON 
BAYSHORE 
KINGSTON 
KAMMER 


ILLINOIS 
OHIO 
OHIO 
OHIO 
OHIO 
OHIO 
OHIO 
OHIO 

W. VIRGINIA 
W. VIRGINIA 
ILLINOIS 
INDIANA 
INDIANA 
INDIANA 
INDIANA 
INDIANA 
INDIANA 
INDIANA 
INDIANA 

MICHIGAN 

MICHIGAN 
OHIO 
OHIO 
OHIO 
OHIO 
OHIO 

TENNESSEE 
wW. VIRGINIA 


Proceedings under Section 126 


Emission (10° tonnes SO,/yt) 
136.2 
339K5 
20555 
186.8 
160.7 

79.0 
30.9 
29.2.6 
186.2 
142.8 
257.9 
PA WAY | 
8552 
62.4 
6103 
58.0 
44.2 
20.52 


FED PAPER OHIO ies 


TORONTO PAPER OHIO 50.9 
NSC WEIRTON OHIO 0.2 
NORTH OHIO : 4.8 
SOUTH OHIO 3u7 
YORKVILLE OHIO 301 | 
MARTIN'S FERRY OHIO Wt | 
ALLIED CHEMICAL W. VIRGINIA _ Nat 
BANNER FIREBORD W. VIRGINIA 0.4 | 
NSC WEIRTON W. VIRGINIA 80.9 | 
GLOBE REFRACT W. VIRGINIA 3,0 
KOPPER W. VIRGINIA 4.4 
MOBAY W. VIRGINIA j piso 
DENWOOD -W. VIRGINIA cee) | 
AREA SOURCE™ W. VIRGINIA 1.0 
OHIO VALLE MC W. VIRGINIA abe 


Area source includes 10 small sources all in the Moundsville-Weirton area all with 


total annual sO, emissions of less than .1 ktonne. 
Vol 46, No 84, May 1, 1981 
Vol 2, No eh 7e- ApRmins24, 198] 


N - cited by New York, P - cited by Pennsylvania 


CO ee ees 


TABLE 1 a 


Small SO. Sources Listed as Area Source 


2 
in Table 1 
Source Location 

Cities Services Moundsville W. Virginia 
Dieckmar & Sons (Moundsville) W. Virginia 
Taylor, Smith, & Taylor Chester W. Virginia 
Triangle Conduit Glendale W. Virginia 
U. S. Stamping Moundsville W. Virginia 
Valley Camp Coal Moundsville W. Virginia 
National Steel Corp's Weirton W. Virginia 
Brown Island 

National Steel Corp's : W. Virginia 
Brown Island 

Mainland Coke i Virginia 
Wheeling Pittsburgh's Follensbee W. Virginia 


Follensbee 
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GRAHAM W-S- ScoTT, W.-C. 
Deputy MINISTER 


THe ONTARIO MINISTRY OF THE ENVIRONMENT 


CLOSING REMARKS 


HEARINGS ON INTERSTATE POLLUTION ABATEMENT 


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 


WASHINGTON, U-C. 


June 19TH, 198] 
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WE HAVE BEEN PRESENTING TECHNICAL EVIDENCE OF 
TRANSBOUNDARY POLLUTION FOR TWO REASONS- THE FIRST IS TO 
ILLUSTRATE TO YOU IMPACTS ON THE NEW YoRK, PENNSYLVANIA, AND 
UNTARIO REGION- EVIDENCE OF THIS TYPE WILL BE MORE FULLY 
PRESENTED AND DOCUMENTED IN OUR WRITTEN COMMENTS TO BE 
SUBMITTED LATER: WE BELIEVE THAT THIS EVIDENCE IS DIRECTLY 


RELEVANT TO _ THE TERMS OF REFERENCE OF THIS HEARING: 


THE SECOND REASON FOR OUR TESTIMONY WAS TO DISCUSS OUR 
EXPERIENCES IN CONSIDERATION AND CONTROLLING AGGREGATED S04 
SOURCES IN RELATION TO TRANSBOUNDARY POLLUTION, AND TO SriOw 
YOU HOW WE HAVE USED LONG-RANGE TRANSPORT MODELLING IN THE 


CONSIDERATION AND CONTROL PROCESS: 


SINCE THIS ISSUE IS CENTRAL TO THESE HEARINGS, AND SINCE 
IT 1S COMPLEX, WE WANTED TO SHOW YOU THE DIFFERENT KINDS OF 
EVIDENCE WE HAVE ACCUMULATED FOR THE CONTROL OF TRANSBOUNDARY 
POLLUTION- WE REALIZE THAT THE EVIDENCE ITSELF MAY NOT ALL 
BE DIRECTLY RELEVANT TO THIS HEARING, BUT WE FEEL THAT OUR 
USE OF THE INFORMATION IN CONJUNCTION WITH MODELLING TO 
FORMULATE AND IMPLEMENT POLICY IS RELEVANT AS A “CASE STUDY": 
A FULL ACCOUNT OF THIS WILL BE SUBMITTED TO YOU, BUT | WOULD 
NOW LIKE TO BRIEFLY DESCRIBE WHAT OUR PHILOSOPHY IS AND GIVE 
YOU TWO EXAMPLES OF HOW WE ARE USING IT IN OUR POLICY MAKING 


PROCESS - 


IN GENERAL, CONCERN ABOUT AN ENVIRONMENTAL ISSUE ARISES 
FROM SCATTERED EVIDENCE RELATED TO OBSERVATIONS- MANY OF THE 
RECENT AND CURRENT ISSUES ARE EMPLOYING MATHEMATICAL 


MODELLING TO HELP RESOLVE WHAT ACTION SHOULD BE TAKEN- 


IN THE CASE OF, LONGER™RANGE TRANSPORT, WE FEEL 1 [were 
BE WRONG AS REGULATORS TO IGNORE THE AVAILABLE MODELS+ A 
SUERVC LENT “NUMBER OF THEM EXIST IN EUROPE AND NoRTH AMERICA: 
INTERCOMPARISON OF MODELS WITH DATA SHOWS THAT THEY DO HAVE 


MERIT-= 


ON THE OTHER HAND, THE MODELS HAVE UNCERTAINTY IN THEIR 
RESULTS, AND DIFFERENT MODELS MAY DIFFER. SOMEWHAT IN SOME OF 
THEIR RESULTS: UNDER THESE CONDITIONS, AS REGULATORS, iT 


WOULDUIBE UNWISE STO..RELY SOLELY ONTMODELS< 


WE MUST REALIZE THAT ALL DECISION MAKING INVOLVES 
UNCERTAINTY =" THE. DEGREE OF "UNCERTAINTY: DETERMINES THe. V Ale 


OF AVVEC TST ON. 


WE CANNOT DISCOUNT MODELLING RESULTS JUST BECAUSE THEY 
MAY DEVIATE FROM OBSERVATIONS = CLEARLY, THES DEVIATION IS 
EXPECTED AND HAS TO: BE ACCOUNTED FOR EXPL ECA TL <n THE 
PROCESS OF DECISION MAKING+ FURTHERMORE, IT [S IMPORTANT TS 
REALIZE THAT EMISSION CONTROL WIE RESULT INA DEGREE Sor 
REDUCTIONS IN CONCENTRATIONS AND DEPOSITION WHICH MAY BE 


OTE LCULT TO) QUANT ess 


THEREFORE, AS A DECISION MAKER, I HAVE TQ ACCEPT THIS 


UNCERTAINTY IN MODELLING AND USE THE BEST TOOLS AVAILABLE TO 


ACCOUNT 


ARE NOW 


ls 


FOR UNCERTAINTY IN DECISION MAKING- In ONTARIO, WE 


USING THE FOLLOWING PHILOSOPHY IN DECISION-MAKING: 


WE DEVELOP LONG-RANGE TRANSPORT MODELS: THEN WE 
EXPOSE THE MODELS TO RIGOROUS AND OPEN PEER REVIEW, 
AND TEST THE MODELS AGAINST FIELD DATA: WE REQUIRE 
THE QUANTIFICATION OF UNCERTAINTIES: 

AFTER THE FIRST ROUND OF THIS HAS BEEN COMPLETED, WE 
INSERT THE MODELS INTO THE REGULATORY PROCESS IN A 
GUIDELINE FASHION: THE UNCERTAINTIES IN THE RESULTS 
ARE DOCUMENTED AND DISCUSSED: 

Prior TO MAKING A DECISION WHICH IS RECOMMENDED 
ACCORDING TO MODELLING RESULTS, WE ASSEMBLE AS MUCH 
EVIDENCE FROM OTHER INFORMATION SOURCES AS POSSIBLE: 
THE IMPERATIVE ENVIRONMENTAL SENEFITS RESULTING FROM 
ACTION ARE WEIGHED AGAINST THE ECONOMICS AND 
ENVIRONMENTAL LOSS RESULTING FROM INACTION DUE TO 
UNCERTAINTY: A STEP-BY-~STEP APPROACH EMPLOYING 
INTERIM ACTIONS MAY BE WARRANTED IF THERE IS AN 
IMMEDIATE NEED, BUT THE UNCERTAINTIES ARE LARGE: As 
RESULTS BECOME MORE DEFINITE, FURTHER STEPS CAN BE 


TAKEN? 


9+ WHEN THE MODELS HAVE PASSED THE POINT OF EXHAUSTIVE 
TESTING, REVIEW, AND COMPARISON WITH OTHER DATA» .bHEY 
CAN BE INCORPORATED INTO THE REGULATORY PROCESS IN A 
BINDING WAY, KEEPING IN MIND THE NEED TO PERIODICALLY 


UEDATE (REM “AS THE STATE VOR THE ART PROGRESS Eo 


[ WOULD NOW LIKE TO ILLUSTRATE HOW WE HAVE IMPLEMENTED 


THIS PHILOSOPHY IN THE CONTROL OF INCO AND ONTARIO HYDRO> 


IN THE CASE OF [NCO, WE HAD A LARGE BODY OF EVIDENCE 
SHOWING EFFECTS IN UNTARIO FROM SU) AND ACID DEPOSITION IN 
UNTARIO- WE ALSO HAD EVIDENCE WHICH INDICATED THAT SOME OF 
THIS DAMAGE COULD BE DUE TO INCO- UN THE OTHER HAND, WE HAD 
INDICATIONS THAT INCO WAS NOT THE SOLE CAUSE OF THE PROBLEM: 
THESE DATA WERE EXAMINED IN THE LIGHT OF THE LONG-RANGE 
TRANSPORT MODEL+ IHE CONSISTENCY BETWEEN MODEL RESULTS AND 
DATA GAVE US THE CONFIDENCE REQUIRED TO FURTHER EMPLOY THE 
MODEL TO PREDICT ENVIRONMENTAL BENEFITS TO U-S SENSITIVE 
AREAS, AS WELL AS THOSE IN ONTARIO AND THE REST OF CANADA, 
AND ENABLED US TO ASSESS. BENEFITS AGAINST COSTS- AN INTERI" 
PROGRAM OF CONTROL WAS THEN IMPLEMENTED VIA REGULATIONS AND 


CONTROL CRDER- 


IN THE CASE OF UNTARIO HypDRO, WE WERE FACED WITH CONTROL 
OPTIONS INVOLVING SIX FOSSIL7~FUELED PLANTS, THREE OF THEM 
EMITTING MOST OF THE SU) AND NOY s+ AHEs PLANTSe WERE OF 
DIFFERING AGES, AND CONSTRAINTS EXISTED UPON THE TYPE OF 
CONTROL TECHNOLOGY WHICH COULD BE EMPLOYED BECAUSE THE PLANTS 
WERE SCATTERED ACROSS SOUTHERN ONTARIO, CUTS OF EMISSIONS AT 
ANY PLANT WOULD RESULT IN A DIFFERENT BENEFIT TO SENSITIVE 


AREAS IN THE U-S-+, UNTARIO, AND OTHER PARTS OF CANADA: 


To EVALUATE SYSTEMATICALLY THE COSTS AND BENEFITS OF 
SPECIFIC CONTROL OPTIONS, SOURCE RECEPTOR RELATIONSHIPS WERE 
DEVELOPED FROM OUR MODEL AND COMBINED WITH PLANT~BY7PLANT 
e0sy FUNCTIONS - LINEAR MATHEMATICAL ANALYSIS WAS THEN USED 


TO COMPUTE COSTS AND DEPOSITION REDUCTIONS - 


CONCLUSIONS FROM THIS ANALYSIS WERE DISCUSSED WITH THE 
UTILITY, AND A REGULATION WAS ISSUED TO ESTABLISH THE INTERIM 


EMISSIONS CONTROL PROGRAM ON A SYSTEM-WIDE BASIS->- 


| THINK YOU CAN SEE THAT WE HAVE LEARNED A GREAT DEAL IN 
DEALING WITH OUR AGGREGATE 504 SOURCES, 10 HELP SOLVE 


LONG-RANGE TRANSPORT POLLUTION PROBLEMS = 


ON BEHALF OF UNTARIO, I THANK YOU AGAIN EQR GIVING US 
THE OPPORTUNITY OF PARTICIPATING IN YOUR DECISION-~~MAKING 
PROCESS: | THINK IT AUGURS WELL FOR RELATIONS BETWEEN OUR 


TWO NATIONS? . 


FROM THE EVIDENCE PRODUCED DURING THESE TWO DAYS, SOME 
TRUTHS ARE MANIFEST+ TRANSBOUNDARY AIR POLLUTION FROM 
AGGREGATIONS OF SOURCES EXISTS. IT EXISTS IN THE CONTEXT OF 
THESE HEARINGS, FROM THE MID-WESTERN POWER PLANTS TO 
PENNSYLVANIA AND New YorKk- IT atso AFFECTS ONTARIO: JHE 


FACT OF TRANSBOUNDARY FLOW AS SHOWN HERE CANNOT BE IGNORED- 


WE HAVE HEARD A GREAT DEAL. OF /FAEK HERE ABOUT “FEST OR 
EMISSION HISTORY, METEOROLOGICAL HESTORY > HISTORICAL 
STATISTICS- THESE HAVE THEIR USES BUT WET ARE seit. (A 
FUTURE-ORIENTED PROFESSION- WE CANNOT RE-CAST THE (PAST owe 


CANNOT PROTECT AGAINST HISTORY- 


QUR EXPERIENCE LEADS ME TO BELIEVE THAT WE CAN HELP you 
APPROACH YOUR PROBLEM AND WE WISH TO ADVANCE THESE 
RECOMMENDATIONS IN THE SPIRIT OF COOPERATION WHICH IS 


TRADITIONAL BETWEEN OUR NATIONS: 


THE FIRST NEFD IS RECOGNITION- THAT'S WHAT THIS HEARING 
Is ABOUT. I AM CONFIDENT EPA muST RECOGNIZE THE PROBLEM 
EXISTS, AS THE EVIDENCE OVERWHELMINGLY DEMONSTRATES: As 
ENVIRONMENTAL PROTECTORS, WE MUST STAND GUAR FOR OUR 
CITIZENS: WE MUST NOT ALLOW ANY INCREASES IN EMISSIONS WHICH 
COULD CONCEIVABLY CAUSE CONTINUED OR FURTHER DAMAGE TO OUR 


ENVIRONMENT - 


UNLY THEN WILL WE HAVE THE LUXURY OF TIME IN WHICH THE 
SerTeENTISTS CAN COMPLETE THEIR WORK, “AND GIVE US THE BASIS FOR 


A LONG-TERM AND LASTING SOLUTION TO THIS PROBLEM: 


THANK-YOU: 


- 30 - 
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APPENDIX 3 — 


SUDBURY ENVIRONMENTAL STUDY 


AN ANALYSIS OF THE IMPACT OF INCO 
EMISSIONS ON PRECIPITATION QUALITY 
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SYNOPSIS 


Conclusions: 

The main conclusions of this report may be summarized as follows, with 
the caution that they should be regarded as tentative until the full data base 
becomes available: 

(1) The relative contribution of INCO emissions to the total wet-deposition of 
acids, sulfur, and a number of ions and trace metals in the Sudbury area (i.e., 
within about 50 km of the smelter) is small (with the exception of copper and 
nickel) - in the order of 10 to 20% - and depends on the weather system passing 
through the area. Warm fronts generally bring with them polluted air masses from 
Southern Ontario and the Eastern United States, and for acids, sulfur, and a number 
of trace metals, the INCO contribution appears to be about 10% of the total. For 
cold fronts, the percentage contribution from INCO 
is roughly twice as great. For copper and nickel, the smelter contribution appears 
to be roughly 40% of the total wet-deposition, regardless of the type of weather 
system. Note that these estimates of the relative contribution of INCO are based 
on the level of smelter emissions which occurred during the study period (see Table 
9 of the report). 

(2) Nevertheless a definite influence of the smelter plume on the local 
downwind quality of precipitation can be detected, especially for sulfates and trace 
Inetals. The smelter impact on precipitation acidity is less pronounced. 

(3) During rainstorms, most particulate constituents (acids, sulfates, trace 
metals) are removed quite efficiently from the smelter emissions. Typically, 50% 
or more of these constituents may be removed within 50 km on the average rainy 
day. The percentage of the emitted sulfur that is removed by precipitation is much 
lower, mainly because this sulfur is largely in the form of sulfur dioxide which is 


subject to a low precipitation scavenging efficiency. 
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Introduction: 

This is one of several reports prepared by the Ministry of the 
Environment about the impact of the Sudbury smelter emissions on tine Sudbury 
basin and more distant areas, such as Muskoka-Haliburton. Various data analysis 
approaches have been taken in these reports, including a comparison of 
precipitation acidity, and bulk deposition, during the smelter operating and 
shutdown periods (see references | and 4 in the report). The present report 
concentrates on a detailed meteorological analysis of precipitation events which 
occurred when the INCO smelter was’ in operation, thus yielding certain 
quantitative conclusions about the smelter's impact which are not possible from a 
Comparison of operating and shutdown period data alone. Both wet deposition and 
precipitation concentration of a number of substances are considered, because the 
aquatic environment responds primarily to deposition, while concentration imay be 
more relevant to the terrestrial system. Data analysis is focussed on five areas: l. 
An evaluation of background concentrations (long range transport component inte 
the region) associated with different types of frontal passage. 2. The relative 
contribution of local and distant sources to the local precipitation quality. 3. The 
dependence of pollutant concentration in precipitation on distance from the source 
due to the interaction of plume and precipitation. 4. The deposition pattern of 
INCO emitted pollutants. 5. The contribution of local emissions to total wet 
deposition in the Sudbury area. 

An analysis is carried out on precipitation samples from 31 events in 
August and September, 1978 and from June to October,1979, collected largely 
within a 50 km radius of the INCO smelter. At the time of writing, the above 
periods included most of the chemically analysed data available from the Sudbury 
Environmental Study's event precipitation sampling network with INCO in 
operation (there was a lengthly shutdown due to a strike at the smelter from Sept. 
15, 1978 to June 4, 1979). The results are thus of a preliminary nature, since the 


collection and chemical analysis of samples is still in progress. For example, 
® 


deposition by snow or convective storms is not considered at all. Final conclusions 
will only be possible when the full data base becomes available later this year, and 


will be reported in November of 1980. 


Analysis Summary: 


It became evident quite early in the analysis that the composition 
chemistry of a particular precipitation sample is largely determined by two 
factors: the type of weather system with which the precipitation is associated, and 
whether or not the sample is collected downwind of the smelter during the event 
under consideration. | 

The weather system is important because warm frontal precipitation is 
associated with air masses that have crossed industrialized urban areas of Southern 
Ontario and Eastern United States, whereas cold frontal passages are usually 
accompanied by the influx of relatively clean air from Northern Canada. Table Sl, 
for example, summarizes some differences in background precipitation chemistry 


for the 31 events under study. 


Table $1**: Mean Background Concentration 


(except for pH, all units in mg/!) 


‘ype of Front pH* S0,,* NO,* NH,* re* Cu Ni Pb* zn 
Werm ten eS 0.61 0.61 0.039 0.0031 0.0014 0.012 0.015 
Cold 4.6 1.4 0.21 0.25 0.022 “0.0060 0.0016 (070065"0 2017 


The averages shown in the above table were obtained from precipitation 
sainples which were clearly identified as not interacting with smelter emissions. 
An asterisk identifies those parameters for which there was a statistically 
significant difference (at the 95% confidence level) between the warm and cold 


frontal mean concentrations. Note that acids (as indicated by the pH), as well as 


14 Based on Table 3 Of the report 


other constituents associated with long-range transport (SO, NO3, Pb), occur at 
significantly higher concentrations in warm frontal precipitation, whereas species 
characteristic of smelter emissions (Cu, Ni, Zn) occur at comparable background 
levels in both warm and cold frontal air masses. 

In view of the above results, it is clear that the relative contribution of 
sinelter emissions to the precipitation quality and wet-deposition of many 
constituents will vary with the type of weather system. The smelter impact on the 
precipitation quality was determined by carrying out a sector analysis -i.e., by 
identifying, with the aid of local wind data and other information, those samples 
downwind of the smelter which could have potentially been affected oy smelter 
emissions during the course of the storm, and comparing their precipitation 
concentrations with concentrations in the other "background" samples, during the 
same storm. Table S2 illustrates the average percentage elevation, above 
background levels, of plume sector sample concentrations for the parameters in 
Table Sl. Note that pH has been converted to He the free hydrogen ion 


concentration, using the relationship H, = 1o7PH x 10? (mg/L). 


Table §2**: Percentage Elevation (above background) of 


Average Plume Sector Concentrations 


Type of Front HH, SO), NO. NH, Fe cu Ni Papen 
Warm 37 60* 35 33 104* ~800P%1,9014*  65%1e8> 
Cold 94%: 126* 37 46 144% 627*.9 894% 98* G0 


++ Based on Tables 4 and 5 of the report 


As indicated by the asterisks (plume sector concentrations 
significantly higher than background, at the 95% confidence level), in precipitation 
samples within the plume sector, the smelter influence is clearly evident for 
sulfates and most of the trace metals. It is interesting to note that for free 
hydrogen ions, no statistically significant smelter impact can be detected for the 
16 warm frontal events included in the present study. 

The sector analysis is extended in the report to examine two 
additional questions: 

(1) What percentage of the sinelter emissions are removed by wet deposition 
within the Sudbury area? 

(2) Ona longer-term basis, what is the contribution of INCO emissions to the 
total wet deposition of acids, sulfur, trace metals and other contaminants in the 
Sudbury basin? 

The main results are summarized in Table S3. 


Table S3**: Wet Deposition of INCO Emissions Within 


a 50 km Radius of the Smelter 


Emitted Deposited % Emissions %INCO Contribution to 
Total Wet Deposition 

(kg/day, (kg/day) Removed Warm Fronts Cold Fronts 

i Te2XO 5.7xl0 To. 9 21 

; 1.7x10° 1.5x404 0.9 12 3] 

Be 6.1x107 3.5x107 57 1 L 

Gu 3.3x10° 127x102 52 by 38 

Ni L.4x10° 7110 52 42 38 

Ply 3.2x102 1.0x102 31 10 20 

bn eeies 163x102 118 1 [3 


1+ fsased on Tables 9 and 10 in the report 


Regarding the first question, it can a seen from column 4 of the above table 
that acids and most trace metals are removed very efficiently from the smelter 
plume. The S emitted by the smelter is predominantly in the form of SO 5, which is 
expected to have a relatively low scavenying rate - hence the low percentage 
removal for sulfur. Actually, the values given in Table S3 for percentage of INCO 
emissions removed within 50 km are probably upper limits, since they.are based on 
the 381 m stack emissions only. Low-level smelter emissions, which also contribute 
to the wet deposition, should have been added to the 381 m stack values in our 
calculations, but were not, because they have yet to be quantified properly. It must 
be pointed out that there is more uncertainty in the deposition rates rk He and ‘5 
than for the metals in Table $3, and conclusions about the deposition of these two 
parameters should be at present regarded as very tentative. It must also be pointed 
out that Table $3 shows the percentage of the smelter emissions removed by wet 
deposition on the 31 days under consideration during which it was raining. If an 
estimate of the corresponding annual average percentage is desired, the values in 
column 4 must be modified, since it does not rain on every day of the year. An 
approximate annual average percent removal can be obtained by assuming that 
precipitation falls every third day, and then multiplying the corresponding numbers 
in column 4 by one-third. The reader should also be cautioned that this report 
considers wet deposition only. Smelter emissions will be also removed by other 
processes not considered here, such as dry depositon, so the figures in Table $3 
should not be used to estimate the percentage of the INCO emissions which are not 
removed, and leave the study area as long-range transport. 

Turning now to the contribution of INCO emissions to the total deposition in the 
study area, column 4 of Table $3 shows that, for warm frontal storms, the smelter 
contributes in the order of 10% of the total deposition for most of the paraineters 
shown, with the exception of Cu and Ni (where the contribution is considerably | 


greater). For cold frontal storms, the smelter share of the total deposition is 


roughly twice as great as for the warm frontal cases, except for Cu and Ni (where it 
is roughly the same). For an average of all types of storms in the Sudbury area, the 
INCO contribution to the total deposition is expected to be within the range of 


values shown in Table S3 (i.e. about 40% for Cu and Ni, and 10-20% for most other 


contaminants, including acids). 
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he Introduction 

As part of the Sudbury Environmental Study, the Air Resources Branch 
(ARB) has been very active in precipitation monitoring in the Sudbury area. The 
primary objective of this program component is to assess the impact of local 
sources on precipitation quality and to determine the long term wet deposition 
pattern in the greater Sudbury area. 

During part of 1978 and 1979, the local sources, je. INCO and 
Falconbridge, were not operating, either due to scheduled shutdowns or Jabour 
disputes. Immediately after the 1978 shutdown period, a preliminary report (1) was 
published in which the precipitation network data were evaluated in light of the 
smnelter operating conditions. In that report, it was felt that because of the limited 
data available, definitive conclusions regarding local source impact could not be 
made. Since then, a large amount of additional data has been collected, and new 
analysis techniques have been used for assessment of the fate of the local 
emissions. 

In the present report emphasis will be given to data collected during 
August-September 1978, and during June to October 1979, for periods when both 
INCO and Falconbridge were operating. The contributions due to background (i.e. 
long range transport) and local sources to precipitation quality will be determined 
and the long term wet deposition pattern in the greater Sudbury area will be 
estimated. pr eceee as will be focussed on the INCO operation. Both 
concentration and deposition considerations are included in this report, because the 
concentration may be more relevant to terrestrial affects, while the aquatic 
environment responds primarily to deposition. However, no attempts are made 
here to interpret the implications of the established values in terms of effects as 
this is not the mandate of the Air Resources Branch component of the Sudbury 
Environmental Study. The results presented here should be regarded as preliminary 


only since the work involved extrapolation of limited seasonal data to a yearly 


basis. The full data set will be available when Sudbury Environmental Study (SES) 
field activities are completed and in the final Sudbury Environmental Study Report 
(scheduled for November of 1980), refinements in the analysis will be made, 


together with a discussion of effects of the Falconbridge source. 


1 


e. The Networks 


g.1 History, Objectives and Instrumentation 


Two different precipitation monitoring networks have been operated in 
the Sudbury area as part of the Air Resources Branch committment to the Sudbury 
Environmental Study. 

The first- a cumulative precipitation monitoring network-was designed to 
assess the long term, large scale, wet deposition field of various substances in the 
Sudbury area. The network consists of 18 Sangamo Type A wet-only-deposition 
collectors and 4 Aerochem Metric wet-only collectors. These samplers are 
distributed throughout the region within a radius of 125 km from Sudbury. The 
location of the sites can be seen in Figure l. Sampling began in December of 1977 
with ten stations and expanded to its full compliment in mid-1978. The network 
has operated typically on a monthly collection basis. No further reference will be 
made in this report to the cumulative network since the balance of this report 
deals solely with data from the second network. The cumulative network is 
described here only to provide a brief overview of the entire precipitation 
monitoring program of the Air Resources Branch. Results of this network will be 
presented in a future Sudbury Environmental Study report. 

The second network is an event precipitation sampling network. It was 
designed with the objective of assessing the relative impact on local precipitation 
quality of local as well as more distant sources. Sample collection is carried out on 
a twenty four hour event basis. Samplers are concentrated primarily within a 
radius of 50 km from Sudbury. The network was started in late June of 1978. 
Throughout its operation the number and location of samplers has varied 
considerabley. Typically 20 to 25 samplers have been operated during the summer 
months and 10 to 15 during the winter. A summary of the period of operation of all 


samplers is given in Figure 2. Actual sampling locations 


ede & 


(except for the distant samplers at Charlton Station, Ramsey, Thessalon and Blind 
River) are shown on Figure 3. 

The instrumentation for the event network is relatively simple. It 
consists of a wide-mouthed bucket (42.4 cm dia.) mounted approximately one metre 
above ground level. A new, high-density polyethylene bag is inserted inside the 
collector daily. This bag provides a clean, untouched container for precipitation 
collection, and eliminates the need for washing and leaching of the collector. In 
the summer of 1979, custom-made bags were introduced into the network. These 
differed from the bags used previously in that they contained a diagonal seal across 
their width. This seal and the small opening left r2ar one side, formed a funnel 
when the bag was inserted in the collector, thus minimizing evaporative losses 


from the sample. An ordinary bag insert (without the seal) was used in the winter. 


22 Sample Handling 


Event samplers are maintained daily. Using disposable plastic gloves, 
operators change the bag insert at typically 0800 hrs, after which time they remain 
open for the entire collection period. lf no precipitation occurs during the 
collection period, the bag is discarded. If precipitation does occur, the bag is 
removed, a bottom corner is cut, and the sample is transferred to two 450 ml 
polystyrene bottles and one 60 ml! polyethylene bottle. The former bottles are 
submitted for laboratory analysis of major ions while the latter are spiked at the 
field office with 0.5 ml of 5% nitric acid and submitted for trace metals analysis. 
N 50 ml aliquot ig taken for "field" pH measurement. Any excess sample is 
‘neasured for volume and discarded. 

At sampling locations not staffed by Sudbury Environmental Study 
personnel, the samples are stored in refrigerators and collected at least once per 


week. They are then taken to the Sudbury Environmental Study field office where 


a 50 ml aliquot is taken for "field" pH measurement, the total volume is 
determined, and the bottles for metals analysis are spiked with nitric acid. All 
samples are refrigerated and submitted to the Laboratory Services Branch in 
Toronto once per week. 

In the event that the amount of precipitation collected is less then 1.05 
litres, definite sample handling criteria are followed to obtain the most useful 
information from the limited sample. These criteria are summarized in Appendix 


1. 


2.3 Chemical Analysis 


The Precipitation samples are submitted for chemical analysis to the 
Laboratory Services Branch of the Ontario Ministry of the Environment in Toronto. 
Samples stored in the polystyrene bottles are analyzed for: pH, acidity, SOys NO3, 
NHy» Ca, Na, K, Mg, Cl, F; and the samples from the acidified polyethylene bottles 
for Fe, Ni, Cu, Pb, Zn, Al, Cr and Cd. The samples are not filtered prior to 
analysis. Conductivity is also measured to check the ionic balance. The analysis 
methods used are summarized in Table | together with their corresponding 
detection limits. Concentrations of NO, and NH, are expressed as N-NO3 and N- 


NH,. In the beginning of the sampling program, samples were analyzed also for Br 


4° 
and Si, however these were later deleted from the parameter list because they 
were consistently below detection limits. Note also that in many of the samples 
identified in the present report as "background", Cu and Ni occurred at 
concentrations below the detection limits of the analysis method used. In these 
cases, the data in Appendix 2 were given as being at the detection limit (0.001 mg 
per liter). | 

It should be pointed out here that pH is a measure of the free acidic 


component of precipitation due to strong mineral acids (mainly sulfuric and nitric). 


It is equal to the negative logarithm of the free hydrogen ion concentration (in 


moles per litre). Total acidity, on the other hand, which is related to the total 
hydrogen ion, is a measure of the capacity of the precipitation sample to neutralize 
base, and is made up of the contribution due to strong acids, weak acids (carbonic 
acid, organic acids), hydrolyzable metallic salts, etc. 

Free hydrogen ton H, and total hydrogen ion H, concentrations (in mg per 
liter) can be calculated according to the following expressions: 
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and 


fH, *] = Acidity (in mg Ca CO, per liter) /50 


2.4 Quality Control 
2.4.1 Sample Screening 


Integrity of the event precipitation data is guaranteed by a three-step 

quality control program, viz: 

i Collected precipitation samples which have been contaminated 
by visible organic material or particulates are discarded immediatcly. 

Ze Results of the chemical analysis are screened manually before being | 
placed in the data base. They are divided into two subsets according 
to the quality of the data. Details of the criteria for categorizing 
the data are given in Table 2. 

Oe Data from the two data base subsets are further cvaluated for 
quality in light of the data from all other station samples collected 
during the same individual events. 

Specie details of the third step are given below in Section 2.4.2.. 

All accepted data are placed in the SES data base with appropriate 


cominents (for later evaluation on an event basis). 


2.4.2 Data Screening 


Placement of data in the "problem data" category does not necessarily 


eliminate it from further use. If it can be shown that during a given event, the 


data for some of the chemical parameters in a particular "problem" sample are 


reasonable, they will be accepted. However close scrutiny is required before the 


data will be accepted. Similarly, data in the "accepted data " set may not 


necessarily be included in final calculations. 


In general, the following criteria have been used in the data screening 


process. 


Data corresponding to the upper 2% range are singled out initially as 
outliers. They may be included in the final analysis provided that 
this does not change the overall pattern during particular events. 
Most of the data associated with sample volumes less than 
approximately 140 ml (1 mm depth) were not included in the 
analysis. Concentrations for these samples were generally very 
high, which may be partly due to genuine effects (e.g., different 
scavenging mechansims in light precipitation), and partly to the 
relatively greater importance of errors due to evaporative losses, 
dryfall contributions, and sample-container interactions in low- 
volume samples. Our understanding of these phenomena is not 
sufficient to enable a proper interpretation of the data in the light 
of plume vs. background effects. 

In the assessment of plume impact on local precipitation quality, a 
sector of precipitation affected by the plume has to be defined and 
this selection process will be discussed in Section Ri 2ses PRLEee 
determining the plume sector, data from stations falling within and 


outside of the sector are evaluated separately for consistency. Due 


to possible contamination problems: which might not have been 
recognized before sample submission, atypical data which would 
result in an anomalous pattern are deleted-e.g. a single extremely 
high concentration value among other low ones outside the plume 
sector may be due to contamination associated with site 


specificities, or to chemical analysis errors. 


36 Results and Discussion 
3.1 Data Presentation 

Following the procedures to be discussed in later sections, thirty-one 
events, each consisting of data from at least 3 stations, were selected from periods 
when both INCO and Falconbridge were in operation. These events include samples 
from August to September, 1978 and from June to October, 1979. These are 


primarily summertime events and the raw data can be found in Appendix 2. 


3.2 Data Analysis Approach 

In the preliminary analysis of the 1978 shutdown data (1), it was concluded 
that (a) the temporal and spatial variability of precipitation pH and acid loading in 
the Sudbury area can be very large, (b) there is a significant acid loading due to 
precipitation in the Sudbury area, which can only be attributed to long range , 
transport and (c) final conclusions regarding the impact of smelter emission on 
precipitation chemistry in the Sudbury area will have to await a more detailed 
meteorological analysis as well as an examination of supplementary data (e.g. 
trace metal concentrations). A number of these additional analyses will be 
disscussed in this report. 

It has become quite apparent that the background contribution of wet 
deposition due to long-range transport is not only large, but also varies with the 
origin of the air mass arriving in the Sudbury area. It was found that in order to 
assess the smelter contribution relative to that of the imported materials, events 
had to be first classified according to whether they were associated with warm or 
cold frontal passages. Sector analysis then singled out samples which were 
probably affected by local sources during particular events under consideration. 


The data for both the meteorological stratification and sector analysis are 


summarized in Appendix 3. 


BeZal Meteorological Stratification 


Information regarding frontal passages was extracted from | 6-hour 
synoptic weather maps. Many events were examined. Some are quite straight- 
forward in terins of classification into cold or warm frontal passages. Others, with 
the low pressure system centred in the Sudbury area, are somewhat ambiguous 
because they generally correspond to complicated multiple front or occluded 
frontal situations. This is reflected in drastically different background 
concentrations of samples collected in different sectors (or directions) within the 
network area. Only 31 events for which distinct meteorological assignment of 
frontal passage could be made (out of a total of 52 ev ‘nts during the study period) 
are included in this evaluation. In Appendix 3, events are designated numerically 
according to the sequence of sampling dates. Some Dertinent information 
regarding precipitation time, amount and type is also listed. The above 
inforination and wind directions are extracted from hourly surface weather records 


at Sudbury airport (ground level) and the MOE meteorological tower (250 ft. level). 


Bee 2 Sector nusisis 

In general, there are two ways to sample precipitation for purposes of 
source impact evaluation. One involves placing samplers directly underneath the 
plume once its position is located. Another is to place samplers in a pre-set 
pattern with subsequent stratification of the sample to identify the plutmne 
contribution. The former is a more direct method. However, it is labor intensive 
and can become very expensive if designed to include a significant number ot 
different storm types. The latter approach is somewhat indirect but is logistically 
stinpler, and was chosen for the present long-term study. 

‘Network design therefore dictates that a careful stratification of 
samples, according to whether they could be potentially affected by the pluine or 
not, be made before meaningful statistics can be obtained. In selecting the plume . 
sec tor the inost important criterion used was that the sector had to be downwind of 


the source (as indicated by the surface and upper-level winds). In addition, the 
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plume sector was verified by examining the data for some of the following 
characteristics: 


Ie The SO,, Ni or Cu precipitation concentration (or the SO,,/NO, 


4? 
ratio) was seen to be elevated. 
om Continuous SO, monitors (operated by the NE Region) near sone of 
the samplers, recorded elevated SO, concentrations during the 
storm. 
Generally, samplers identified by elevated SO ys NID OAT COE SO, 
PERC aH rations were also within the pluie sector established on the basis of the 
wind data alone. 
The final sectors selected are summarized in the {1th column of the 
Tables in Appendix 3. They correspond to the area potentially affected by the 
plume, and should not be confused with the actual physical width of the plume 
since, during a particular event, the plume may have been ineandering over a 


considerable area due to wind shifts. Usually the sectors are less than 120° wide. 


Some examples of plume sectors are shown in figures 4 and >. 


3.3 Data Interpretation 

After following the two-step process in establishing the frontal passage 

and plume sector, the data were examined for the following: 

l. An evaluation of background concentrations (i.e. the long range 
transport component into the region) associated with different types 
of frontal passage. 

2. The relative contribution of the local and distant sources to the 
local precipitation quality. 

3 The dependence of precipitation concentration due to the local 
source as a function of distance from the INCO source. 

4, The deposition pattern of INCO emitted pollutants. 

De The contribution of local emissions to total wet deposition in the 


Sudbury area. 


The following sections include both data: analysis methods and findings 


based on the 31 summer/autumn events. 


me Ne Background Component Evaluation 


Based on the 31 events selected for discussion in this report, wind roses 
for both the cold and warm fronts were determined. It was found that during warm 
frontal passages, the most prevalent wind directions were southerly and 
southwesterly, whereas for the cold frontal cases, the predominant directions were 
northwesterly and northerly with a smaller southerly cornponent. 

By prouping the concentration data outside the pluine sector for the warm 
and cold frontal passages, the statistics in Table 3 were obtained. The first column 
gives the parameter of interest. The fourth and seventh columns show the number 
of events used in the calculations. The second and fifth columns give the average 
concentrations based on area means associated with individual events. The third 
and sixth columns give the corresponding one standard deviation for the warm and 
cold frontal cases respectively. The eighth column indicates the ratio of the 
average cold and warrn frontal background concentrations and the last column is a 
suminary of the student-t statistics (a normal distribution of the parameters was 
assumed). For the sample size used in our calculations any t?!/2.0@ corresponds to a 
statistically significant difference between the two types of frontal passage at a 
95% confidence level. Several observations are quite apparent: 

ie The acid-base equilibrium related parameters, eg. He (free hydrogen 

ion), Ht (total hydrogen ion expressed as acidity) SO,, NO, and NH,, 
and F are quite different for the precipitation samples associated 
with the two types of frontal passage. This reflects the different 
origins of air masses i with wari and cold fronts. For 
warm fronts, the air masses generally pass over the highly 
industrialized NE United States and Southern Ontario before. 
arriving at the study area. For cold fronts, the origin of the air 
inmasses Is generally northern Canada. 


2 Most heavy metal concentrations are not statistically significantly 


different for the two types of frontal situations. 

3. In the case of Pb and Cd the difference between background 
concentrations associated with the two frontal types is statisically 
significant, suggesting that long range transport of Pb and Cd may 
be significant. This is in accord with the size characteristics of Pb, 
and Cd which are primarily associated with fine particles of mass” 
median diameter less than | um. Hence, like sulfates, they have a 
relatively long atmospheric residence time. 

4. Other parameters such as Ca, Fe and Al, which are soil-related, 
exhibit statistically significant differences at the 95% confidence 
level for the two types of fronts. This may be a reflection of 
differing wind speeds, and hence re-entrainment of dust, during cold 


and warm frontal passages. 


B.dud Relative Impact of Local and Imported Components to Local 
Precipitation Quality 


Concentration data are grouped according to sampling date and frontal 
passage, and are tabulated in Appendix 4. 

Note that the EXSS (i.e. additional) concentration in Appendix 4 is NOT 
calculated by subtracting the overall mean background concentration from the 
mean plume sector concentration. Rather, for each individual event, the mean 
background concentration is subtracted from the concentration of each sainple 
within the plume sector and these differences are then averaged to obtain the 
mean additional plume sector concentration for that particular event. In soine 
cases (less than 5% of the data), the above subtraction leads to negative values, 
due to random errors associated with sampling and analysis. These values have no 
physical significance, and are replaced by zeros. It is felt that this substitution of 
zeros for negative values is appropriate for parameters associated with smelter 
emissions, but for those parameters which are primarily due to long range transport 
and/or local contaminants such as windblown dust (e.g. NO3» Ca, Mg etc.), the 
negative values might be real (because of variability in local site characteristics 


for example). 
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Therefore the additional concentrations shown for the latter parameters probably 


overestimate the true plume contribution. 


The tables in Appendix 4 reflect the spatial and temporal variabilities of 
the local precipitation data. For a particular event, the background spatial 
variability is typically smaller than that seen in the plume sector. This is what one 
would expect downwind of a point source. 

Summary data showing the mean background and plume concentrations for 
the two types of frontal passage are given in Tables 4 and 5. Also the mean 
additional concentration, due to interaction of plume with precipitation, calculated 
according to procedures described above, is given. T.« ratios of the mean plume 
concentration to the background concentration are given under heading "B/A" 
together with the corresponding paired-t statistics. Due to the lower background 
associated with the cold fronts, their B/A ratios are generally higher than those for 
the warm frontal cases. The largest ratios of plume to background concentrations 
ure observed in the cases of Cu and Ni. This is not unexpected because of the 
nature of the smelter emissions. SO,; and some trace metals, e.g. Fe, Cu, Ni, Pb. 
and Cd are consistently higher in the plume sector and the differences are 
Statistically significant at the 95% confidence level. The relative magnitude of the 
additional concentration and background concentration is expressed as C/A in the 
last column. 

In Table 6, additional plume sector concentrations are compared for cold and 
wartn frontal cases. The second to last column in this table gives the ratios for 
these two. It is noted that for most parameters, e.g. He acidity, Cl, Na,-Guy Ni, 
én and Cd, the additional plume sector concentration differed by less than 20%. In 
most other cases, the ratios are less than unity, suggesting that there might be 
higher additional concentrations in the warm frontal cases. For He SO; NO; 
NH,, Pb and F, this could possibly mean that scavenging of plume constituents is 


inore efficient due to the nature of the air mass, which originates from the 


industrialized south. The results for soil-related materials (e.g. Ca, K, Mg, Fe, and 
Al), and Cr are not easily explainable, and are being analysed further. The last 
column is a summary of the paired-t statistics. In none of the cases is the 
difference between cold and warm front additional plume sector concentrations 
statistifically significant at the 95% level. This adds credence to the approach 
used in the remainder of this report -i.e., pooling of warm and cold frontal 


information for calculating the local source impact. 


eee Dependence of Plume Contributed Concentration on Distance from the 

INCO Source 

Based on the criteria given in Section 3.2.2., plume sectors originating 
from both the INCO and Falconbridge complexes were established for individual 
events. In cases where these sectors overlap complications may arise because some 
sampling stations could have been affected by both sources. Therefore the relative 
impact due to Falconbridge alone was estimated. Precipitation data obtained froin 
mid-September of 1978 to early June of 1979 (when INCO was on strike) were 
examined. Due to the sparsity of es Acie stations in the vicinity of Falconbridge 
(especially to the north), the effects of Falconbridge alone on local precipitation 
could only be assessed in qualitative terms. In general it was found that for equal 
distance from the two sources, the additional concentration due to Falconbridge 
alone is typically one-tenth or less of that due to INCO. This is in accord with the 
relative emission strengths of the two sources. Despite the fact that the relative 
effect of Falconbridge vs. INCO is small, all the data from samples which could 
have been affected potentially by both sources were excluded from the assessment 
of the functional dependence of additional plume concentration on distance from 
INCO only data designated by "I" and "N" in Appendix 2 are used in the 
calculations. 

Table 7 summarizes the additional concentration due to INCO as a 


function of distance from the source. Samplers were grouped together according 
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to different distance intervals from INCO-e.g. 3-6 km, 9-11 km, 14-18 km, 21-27 
km, 31-32 km and 35-50 km-to obtain the long term average data pattern. Due to 
that fact that all samples from far downwind distances (e.g. 35-50 km) could be 
potentially affected by both sources, they were excluded in the analysis. In Table 
7, the number of values included in each distance interval is given as "NN" together 
with the corresponding mean concentration and standard deviation. The mean 
additional concentrations correspond to the averages of all event additional 
concentrations in a given interval calculated as described in Section 3.3.2. Frorn 
these values, it is seen that the variability within the plume sector is quite large 
even for a single distance interval, mainly due t. plume meandering, spatial and 
temporal variations in the precipitation rate, ond changes in the background 
component from one event to another. 

These additional concentration data have been plotted on semi- 
logarithmic and linear co-ordinates versus distance from INCO. In general, it was 
found that the data are better represented on logarithmic co-ordinates (sce Table 
8) and therefore the concentration data are log-transformed before plotting against 
distance, as in Figures 6 to 24. Each data point in the figure represents the imean 
of a group of original data points falling within a given distance interval. 

In Table 8, both the linear correlation and regression coefficients (according to 
Yo=iAie BX) are nen for logarithmic and linear concentration co-ordinates. 

For results which can be reasonably represented by a regression eauation, the 
best fit line is shown in the figure together with the correlation coefficient and 
regression equation, The results can be categorized into five groups. 

Ls SO, decreases slowly with distance from the source. This may 

indicate that SO, scavenged from the plume is replaced by SO y 
generated from the oxidation of SO, Such an effect would require 
a relatively high SO5% SO, oxidation rate under precipitation 


conditions. 


Ss) 


, Roth the H, and acidity (H,) patterns are somewhat irregular and 


may reflect complex acid-base equilibrium relationships, or the 


formation of sulfuric acid due to oxidation of SO- in the plume. 

3. All trace metals concentrations fall off exponentially with distance 
from the source although the fits for Al and Zn are relatively poor. 
Using the best-fit regression lines in the figures together with 
detection limits for our chemical analysis methods, distances beyond 
which no niin effects can be detected (i.e., where concentrations 
have fallen to detection limits) were extrapolated from the data. 
These are also given in Table 8. In general, for metals showing high 
corrleation coefficients, the data suggest that, on average, the 
smelter impact does not extend beyond 100 km. It should be 
stressed that because of the logarithmic nature of the fit, a small 
fluctuation in the data could lead to a darge discrepancy in the 
distance intercept. 

4, Other parameters such as NO3, NHy» Ca, Mg, K and Na show 
irregular patterns and very poor linear correlation coefficients. 
This is attributed to the randomness associated with long range 
transport or local contamination of these elements. 


De No explanation can be given for the pattern exhibited by Cl and F. 


3.344 Long Term Deposition Pattern of INCO Emissions 


The additional concentration data discussed in section 3.3.3 were further 
analyzed to estimate the long term deposition pattern of the INCO emissions in the 
greater Sudbury area. Attention was focussed on the emittants of major interest 
i.e. S, Fe, Cu,Ni Pb, Zn and He 

Total deposition out to 50 km from INCO was calculated according to the 


oe 
following expression: 
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DEP ay = Day Tro (C aaa XA plum) i 
where DEP .y = average daily deposition through wet scavenging 
Day = average daily precipitation depth 
Cadd = average additional concentration due to interaction 


of plume and precipitation 


sum = plume sector area 

From the 31 events included in this report, an average of daily precipitation 
depth (9mm) was obtained by averaging all the daily mean sample volumes. Iso, 
an average angle of 105° was obtained for the sector width in the 31 events. Using 
the above data, as well as the regression equations defined in Table 8, the average 
wet deposition per precipitation day of smelter emissions out to 50 km from the 
source was calculated. The results are given in column 2 of Table 9 as kg deposited 
Per precipitation day. 

It should be noted that the values for sulfur (as sulfate) and free hydrogen 
tons were not based on the regression equations of Tab.e S. “ecause the correlation 
coefficients were quite low. Rather, average addition. ! concentrations of 2.23 my 
im and 0.0277 mg pe were used in the calculations. These values were obtained by 
averaging all the individual additional concentrations of samples collected inside 
the plume sector from all event aya The original data cover an area defined by a 
radius of 30 km and therefore the results with extrapolation to 50 km must 
necessarily be approximate. 

In order to estimate the fraction of emitted pollutants that is scuvenyed 
by precipitation on a rainy day, average daily emission estimates of these 
parameters are necessary. There were no in-stack measurements at the INC.) 38] 
my chimney in August-September, 1978 and June-October, 1979. However, NW)5 
inonthly emission rates (calculated by mass balances) are available. During the 
study period these ranged from an average of 658 metric tons per day (for July and 
August, 1978), to a high of 2320 tons per day (for September 1979). From such diatay 
an overall average daily SO, emission rate of 1.7 X 10° kg per day was obtained by 
weighing the emission rate for each month in our study period by the number of 
plume sector samples collected during that particular month. The particulate 
emission rates during the study period could then be estimated using values of 


particulate - to -SO, ratios measured in the INCO plunie near the 381 m stack in> 


airborne studies carried out in 1976 and 1977, (2) and again in September, 1979. 


Column 3 of Table 9 shows emission rates of the substances of interest, obtained by 
multiplying their particulate-to-SO, ratios by an average SO emission rate of 1.7 % 
10° kg per day. Also shown in brackets in column 3 are the number of experimental 
values for the parameter/SO, ratio on which the average emission rate is based. 
Note that emission rates can vary over a wide range, mainly due to process 
variability (column 4). | 

From columns 2 and 3 of Table 9, the Sree of each parameter removed 
on average during each precipitation day by wet deposition out to 50 kin from INC.) 
can be estimated. The results are shown in column 5. It must be emphasized that 
the estimates in column 5 are based on the 31 events reported here, and thus only 
apply to that subset of days when precipitation was occurring. Since it does not rain 
on every day of the year, these results must be modified if an estimate of the 
corresponding annual average percentage is desired. A good approximation can be 
obtained by assuming that precipitation occurs every third day, and multiplying the 
numbers in column 5 by one-third to obtain the annual average percentage of 
emissions removed by wet deposition. 

The following observations are of interest: 

I. The percentage of the emitted sulfur that is deposited by 
precipitation within about 50 km of INCO is quite small. This agrees 
with the results of a study carried out by Wiebe and Whelpdale of the 
Atmospheric Environment Service some years ago (3). 

2. The results for H, have alreay been qualified above, but it should be 
further pointed out that due to chemical transformations in the 
plume, sulfuric acid is probably being continuously formed from SO, 
as the plume travels downwind. Thus, the emissions have a "potential 
acid content" in excess of the "Hy emission rate" shown in Table 9, 
i.e. more H, can be deposited, and this should be kept in mind when 
considering the value in column > for Hy 

3. The percentage of trace metals deposited by precipitation is quite 


high, suggesting a relatively efficient scavenging process (again, in 


agreement with the Atmospheric Environment Service measurements 
(3)}. In fact, for some parameters the percentage of the emissions 
removed by wet deposition seems suspiciously high, since it generally 
rained for less than one-third of the 24-hour period in our data set, 
while emissions continued, of course, for the total period. 
Admittedly, as indicated by the standard deviations in the emission 
rates shown in Table 9, there is a considerable uncertainty in the 
actual emission rates that should have been are with the 
measured deposition values, and this could partly explain the results. 
Furthermore, no account was taken of +> low-level emissions from 
INCO, which have not been properly measured to date, but according 
to some estimates the particulate emissions could be of the sarne 
order of magnitude as those from INCO's 381 m chimney. Since our 
samplers were exposed to the effects of both 381 m stack and low- 
level emissions, the total emission rate from both sources should 
properly be used in computing column 5 of Table 9. Finally despite 
the fact that precautions were taken to obtain wet-only samples, 
there is a possibility that some dry deposition may also have occurred 
during the sampling period, especially if low-level emissions passed 
over the sampler. The importance of the contribution from. this 
effect is hard to evaluate at present. 
3.3.5 Contribution of INCO Emissions to Total Wet Deposition in the Sudbury Area 
The data presented in Table 9 are further arranged to yield information on 
the wet deposition due to local sources relative to the total (local + long range 
transport) deposition in an area defined by a radius of. 50 km from INCO. This was 
done separately for the warm and cold frontal cases by multiplying the appropriate 
concentration, area and precipitation depth (9mm). The average plume-af fected 
sector was again assumed to be 105° wide. The mean background Hohdenthattones 


used are those reported in Tables 4 and 5. Table 10 shows the wet deposition due to 


local sources (taken from column 2 of Table 9), as well as the background 
contribution. In columns 5 and 6 of this table, the local contribution is expressed as 
a percentage of the total value. As expected, the relative contribution of local 
sources is generally higher for events associated with cold frontal passages. 
Typically, local contribution amounts to less than 20% of the total deposition to the 
study area, with the exception of Cu and Ni, where the local contribution as high as 
45% (-this figure could be even higher, since, as pointed out in Section 2.3, Cu and 
Ni concentrations in many background samples were assumed to be at the detection 
limit, whereas in fact they were below the detection limit). Note that the numbers 
‘n columns 5 and 6 of Table 10 apply to the level of smelter emissions obtaining 
during the study period. The smelter contribution to the total wet-deposition at 
other emission rates would of course be different, and is expected to increase as the 
emission rate increases. Mathematical models currently being developed as part of 
the Sudbury Enviromenal Study will lead to more quantiative relationships between 
smelter emission rates and impact on wet deposition. 

In the report published in February, 1979 (1), it was concluded that no 
statistically significant difference could be found between _ precipitation 
concentration and wet deposition of acids measured during the smelter operating 
and shutdown periods in the summer and autumn of 1978. It was also suggested that 
most of the acids deposited by precipitation are imported into the region. In that 
particular analysis, data from the whole area, and unstratified by frontal type or 
pluine sector, were pooled together to arrive at the conclusions. In the present 
report, data have been stratified according to weather systems and whether or not. 
the samples were affected by the local source. As can be seen from Table 10, the 
local source contribution to the total wet deposition into an area defined by 50 km 
amounts to only 9 and 21% for warm and cold fronts respectively. The overall 
average value, for all types of fronts, would be about 15%. The current findings are 
thus consistent with the conclusions reported earlier (1). In view of the large 


variability inherent in precipitation chemistry and wet deposition measurements, 


and the relatively small smelter contribution over the network, it is not surprising 
that the background "noise" inherent in the data of the earlier report masked any 


differences due to smelter operating conditions. 


4, Conclusions 

In this report, precipitation data collected in Sudbury during a number of 
events in August and September, 1978 and from June to October, 1979 were 
examined to assess the impact of the INCO source on local precipitation quality 
and to determine the resulting wet deposition pattern. Other atmospheric 
pathways affecting the fate of the emitted pollutants, such as dry deposition and 
chemical transformation, are not discussed, and therefore the results reported 
here should not be taken as the only atmospheric fate of the emitted pollutants. 
Thirty-one summer /autumn precipitation events were examined, and thus the 
conclusions are based on a data set which is relatively small, and which will be 
expanded as more samples are collected and analyzed. In order to properly 
evaluate the impact of the local source on precipitation quality, it was necessary 
to consider more than one or two parameters (e.g. free hydrogen ion and sulfate) 
only. Relatively complex analysis techniques, applied to data collected on a long- 
term basis, had to be developed. The conclusions reported here result from the 
development of new data analysis techniques which involved both meteorological 
eiicarion and sector analysis. 

As the results presented here involved extrapolation of limited 
summer/autumn data to a yearly basis, some of the conclusions (especially for 
sulfur and acids) may be revised in the future. Nevertheless, the following 
conclusions were drawn: 

e The quality of precipitation in the Sudbury area is highly dependent on the 
origin of the air mass associated with the precipitation, and this is reflected in 
differences in background precipitation chemistry for cold and warm frontal 
passages. Based on the 31 events selected for discussion in this report, it was 
found that during warm frontal passages, the most prevalent wind directions were 
southerly and southwesterely, whereas for the cold frontal cases, the predominant 
directions were northwesterly and northerly with a smaller southerly component. 
Parameters such as H, (free hydrogen ions), H, (total hydrogen ions), SO,, NO3» 
NH,» F, Pb and Cd have higher concentrations in warm frontal precipitation, and 
are probably largely imported into the Sudbury area from the Eastern United States 


and Southern Ontario. 


& A preliminary estimate was ee of the relative contributions of local 
sources and long-range transport to wet deposition in the Sudbury area. The 
contribution of local sources was generally relatively higher on days of cold frontal 
precipitation than on days of warm frontal precipitation. Expressing the local 
contribution as a percentage of the total desposition, the following results were 
obtained: for cold fronts - S, 31%; Fe, 18%; Cu, 38%; Ni, 38%; Pb, 20%; Zn, 13%; 
Hes 21% and for warm fronts - S, 12%; Fe, 11%; Cu, 44%; Ni, 42%; Pb, 10%; Zn, 
11%; and Hp 9%. For acids, the present results are not inconsistent with those of 
un earlier report (1), where no significant difference could be found in precipitation 
concentrations or deposition in the Sudbury area di-'ng smelter operation and 
shutdown periods due to the large background poner and the inherent spatial 
and temporal variability of these parameters. 

@ In spite of this large background contribution of many chemical parameters, a 
careful sector analysis of the data reveals a definite influence of smelting 
activities on local precipitation quality. Samples within the sector affected by the 
plurne show statistically significant increases (over background samples) of acidity, 
as well as in concentrations of SOys Fe, Cu, Ni, Pb and Cd. The additional plume 
sector concentrations generally range from one-half to twice the background 
values, and, in the case of Cu and Ni, can be an order of magnitude higher than the 
background values. 

® The additional plume sector precipitation apacthireter for many trace 
inetals falls off approximately exponentially with distance frorn the source, 
approaching chemical analysis detection limit values within 100 km of the source. 
A different relationship is suggested by the data for Hes SO) and some of the soil- 
derived parameters, which will have to await a larger data base before it can be 
Clarified. 

9 The removal of trace metals by precipitation is an efficient process. On days 
when precipitation occurs, more than 50% of the trace metal emissions can tx. 
depecited within 50 km of the source. When compared to annual emissions (taking 


the precipitation frequency into account) our preliminary estimates for the 


percentage of INCO - emitted trace metals that are wet-deposited throughout the 
year within 50 km are: Fe, 19%; Cu, 17%; Ni, 17%; Pb, 10%; and Zn, 39% 

@ The wet-removal of the total emitted sulfur on precipitation days is 
estimated to be considerably smaller - i.e. about 1% (1.5 X iy kg/day) . On the 
other hand, for H, wet-removal is 79% (5.7 X 102 kg/day) within 50 km of the 
source. It is speculated that these results are due to the much more efficient wet 
removal of particulate (largely HSO,) than gaseous (SO.) sulfur from the plume, 
and possibly also due to the formation of sulfuric acid within the plume. When 
prorated over an annual basis, the corresponding percentages removed by wet 


deposition are: S, 0.3%; and He 26%. 


> Future Work 
The emphasis of this report was to examine the effects of INCO's 
operations on precipitation quality in the Sudbury area. Due to the sparsity of 
data for Falconbridge, its effects were only estimated qualitatively. Future work - 
will include the following refinements and additional analyses: 
(1) A quantitative evaluation of the impact of Falconbridge, (which 
will be possible when additional data become available) 
(2) A refinement of the INCO impact analysis. 
(3) Estimates of rain and snow scavenging ef”'ciency, for use in SES 
inathematical models. 
(4) A comparison of monthly concentrations ind depositions as determined 


by the event and cumulative networks. 
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Table |: Details of Precipitation Sample Analyses 


Parameter Analysis Method Detection Limit (mg i) 
pH Radiometer + 0.1 pH unit. 
(for H 
deter mination) 
Total Acidity NaOH titration to pH 8.3; 
(for H results presented as 
determination) mg CaCO, | | + 0.08 
SO, Ion Chromatography + 0.04. 
N-NO, Ion Chromatography +0.01, 
Cl Ion Chromatography + 0.04, 
F Ion Chromatography + 0.04 
N-NH, Automated phenate-hypochlo-ite 

method + 0.008 
Ca Flame atomic absorption + 0.02. 
Na Flame atomic absorption 0.027 
K Flame atomic absorption + 0.02, 
Mg Flame atomic absorption + 0.02 
Zn Flame atomic absorption + 0.001 
ne Flameless atomic absorption + 0.001 
Ni Flameless atomic absorption + 0.001 
Cu Flameless atomic absorption + 0.001 
Pb Flameless atomic absorption + 0.001 
Al Flameless atomic absorption + 0.005 
Cr Flameless atomic absorption + 0.0005 
Cd Flameless atomic absorption + 0.0001 


* Values correspond to lowest values reported. 
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Table 2: Data Subsets and Their Associated Criteria for Categorizing 


Problem Nata 


The absolute difference between 
field and laboratory measured pH 
was greater than or equal to 0.4 
pH units. 


Obvious contamination was noted but 
sample was submitted. 


The sampling period was not within 
24 + 6 hours. 


ry 
Contamination of one or more chemical 
parameters was apparent from chemical 
analysis results although sample 
appeared clean. 


poh) 1 SEN 


Clean, clear, properly collected 
samples with good chemical analysis 
results. 


Visual evidence of slight contamination 
by an insect or particulates but not both. 
Analytical results appear reasonable. 


. Difference between field and lab pH less 


than 0.4 pH units. In this case, the lab 
pH value is generally used, except where 


the field value is obviously more consistent 


with other, nearby measurements. 
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Table 9: Estimated Wet Deposition, Emission Rates and ‘% 
of INCO 381 m Stack Emissions Removed at 50 km. 


Average 
Wet Emission Rate’. Std. Dev. in So Emissions 
Parameter Deposition (kg/day) Emission Rate Removed aut 
a fia (g/day) _ fir: to 50 km on 


days when it 
Was Faining 


5 1.5 X 107 (27 XO neds 0,9 
Fe 3.59%) 10" 6.1 X 10% (10) BG X10" 57 
Cu i7ax 107 3.3 X 10° (16) Paes“ 52 
Nu 721 10¢ 13.7 X 10! (14) 12.4 x 10! | 52 
Pb 1.0 X 10¢ 3.2 X 107 (3) 0.94 X 107 | 
Zn 1.3K 10° Le X 10? (12) iil X 10% 118 
Aeee 5.7 X 10° 7.2 X 10% (29) 4.0 X 107 79 


* Precipitation days only. 


** Estimated by assuming that all of the particulate sulfur ernitted is in the form 
of H5SO0,4- 


+ Values in brackets correspond to the number of particulate-to-SO, data points 
used in calculations. 
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Table 10: Contribution of INCO Emissions to Total Wet 
Deposition in the Sudbury Area (r=50 km) 


% Relative 
Background Deposition Depostion 


(kg/Day) (ocal/Total)* 

Local Sources Warm Cold Warm Cold 

Parameter Deposition (kg/Day) Front Front Front Front 
S | 1.5 X10" 1x to, 3.3 Xi108 EP 
Fe Bas 107 28 X 10° 16 X 10° 1 18 
Cu ti?’ xi107 2.2X102 2.8 X 107 me 38 
Ni rag BAX 1 [ize ee 42 38 
Pb 1.0 X 10° 3.9 X102 3.9 X 107 10 20 
Zn ex 10% 11 x102 = 8.9 X 107 7 13 
H, 5.7 X 10° 55 X 107 21 X 107 9 21 


* Total wet deposition represents the summation of local plus background deposition. 
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FIGURE 2: A SUMMARY OF SES EVENT PRECIPITATION SAMPLER 
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Figure 6; Dependence of Additional He Concentration 
on Distance from INCO Source 
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Figure 7: 
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Dependence of Additional Acidity Concentration 
(expressed as mg CaC0,/1) on Distance from INCO Source 
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Figure 8; Dependence of Additional S04 Concentration 
on Distance from INCO Source 
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Figure 9: Dependence of Additional NO3 Concentration 
on Distance from INCO Source 
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Figure 10: Dependence of Additional NHg Concentration 
on Distance from INCO Source 
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Figure 11: Dependence of Additional Cl Concentration 
on Distance from INCO Source 
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Figure 12: Dependence of Additional Ca Concentration 
on Distance from INCO Source 
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Figure 13; Dependence of Additional Mg Concentration 
on Distance from INCO Source 


log [Na] ADD (Mg L—-!) 


-2:0 


Figure 14: 
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Dependence of Additional Na Concentration 
on Distance from INCO Source 
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Figure 15: Dependence of Additional K Concentratign 
on Distance from INCO Source 
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Figure 16: Dependence of Additional F Concentration 
on Distance from INCO Source 
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Figure 17: Dependence of Additional Fe Concentration 
on Distance from INCO Source 
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Figure 18: Dependence of Additional Cu Concentration 
on Distance from INCO Source 
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Figure 19; Dependence of Additional Ni Concentration 
on Distance from INCO Source 
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Figure 20: Dependence of Additional Pb Concentration 
on Distance from INCO Source 
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Dependence of Additional Zn Concentration 


Figure 21: 
on Distance from INCO Source 
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Figure 22: Dependence of Additional Al Concentration 
on Distance from INCO Source 
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Dependence of Additional Cr Concentration 


Figure 23: 
on Distance from INCO Source 
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Figure 24: Dependence of Additional Cd Concentration 
. on Distance from INCO Source 
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APPENDIX 1 


Sampling Handling Criteria fo. Vimited 
Volume Precipitation Samples 


Ghg3 - 


APPENDIX | 


Sample Handling Criteria for Limited Volume Precipitation Samples 


Volume Handling Method 

Collected — 

m 

Less than 50 - pH measured at the field office 


- no sample submitted for chemical! analysis 


50 to 150 - no field pH measured 
- no metals analyses submitted -total 
volume submitted for laboratory analysis 
of major ions and pH 


150 to 250 - no field pH measured 
- 25 ml placed in metals bottle 
- balance of volume submitted to laboratory 
for major ions, pH and acidity analysis. 


250 to 500 - field pH measured 
- 25 ml transferred to metals bottle 
- balance submitted to laboratory for 
ion, pH acidity and conductivity 
analysis. 


greater than 500 - field pH measured 
- metals bottle filled with 50 ml 


- balance submitted for ion, pH, acidity 
and conductivity analysis. 
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APPENDIX 2 


Selected Precipitation Data Collected 
in Sudbury in 1978 and 1979 


Data are presented according to sampling date and sampling station. Except 
for volume (ml) and pH, data are all expressed in concentration units (mg I ip 
Station numbers are labelled according to Figure 2. Samples from stations which are 
affected by INCO alone, Falconbridge alone, INCO and Falconbridge together, and 
INCO primarily plus small contributions from Falcc ibridge are designated as J, F, + 
and N respectively after the station number under the heading P. Those labelled with 
X are not included in calculations because of suspected contamination. Others which 
are not labelled correspond to background data. The symbols W and C in the first 
column correspond to the type of weather front that the Precipitation event is 
associated with, i.e. warm or cold front. All concentration data which are missing 
because of insufficient volume or for other reasons are replaced by a "-9.00". Any 
value preceeded with a negative sign was not used in the calculations due to probable 
contamination. It should be noted that concentration of NO, and NH, are expressed 


as N-NO, and N-NH, in these Tables. 
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APPENDIX 4 


Stratified Precipitation Nata 


Concentration data are grouped according to sampling date and frontal 
passage. The symbol at the top left corner of each table corresponds to the 
parameter under consideration. W and C under the heading F (for fronts) designate 
warm and cold frontal passages. The event dates are given in column 2. BN and 
PN indicate the number of samples collected outside and inside the plume for each 
individual event. The rest of the data are given in three blocks, i.e. "BACK" for 
background, "PLUM" for plume sector and "EXSS" for additional concentration due 
to plume interaction with precipitation. In each block, "MEAN", "STDV", "COV" 
and "MN DPO" correspond to mean concentration, standard deviation, coefficient 
of variation and mean deposition. Statistics for the background and plume sector 
blocks are based on BN and PN data points. A "-9.00" corresponds to data not 
determined. 

The EXSS concentration is NOT calculated by subtracting the overall 
mean background concentration from the overall mean plume sector concentration. 
Rather, for each individual event, the mean background concentration is subtracted 
from the concentration of each sample within the plume sector and these 
differences are then averaged to obtain the mean additional plume sector 
concentration for the particular event. Negative values of additional 
concentration were replaced by zeros during individual events. 

It should be noted that the concentrations of NO; and NH, are reported 


as N-NO, and N-NHy- 


2cctet 


£74€°0O 9tz2°0 stot et 
€s92°0 €942°0 9IT0°O s2C0°0 


64S2°0 ceee°o 668%°0 Sé6¥7°0 1€6%°G Q6€9°0 9199°0 1262°0 
4$72°0 2290°O @8900°0 S290°0 


Ao? oe 
£49S9°0 4690°O 2ET0°O0 24220°6 aqaas 
es2t°O 1506°0 9010°0 2e10°0 90Se’°0 SEET°O EIT0°0 Ee0°0 BEOO°T OG02°0 avlO°O gIz0°eu ¢ .] 668062 A 
0°0 0000°6- 0000°6- 0°0 sa--°0 Ouv0*o- 0000°6= C150°0 w22l°t 7690°O 1900°O weeven §|[ L 229062 Be 
€4S€°G g1S4°0 O820°0 €xLE0°0 849S°C 22eT°O Of20°0 e6€SI°0 $992°0 Sezt°O 2020°0 99ITr°u 2 Ss 2twvod A 
’ €9S0°O OSEI°L 9900°0 %200°0 SStz°O 6€61°O wE10°O €690°0 4€z2°o Oest°o 
1 . = le ume af a . .- . --- - - ap yale - -_- - is Vane” Rept -- . 
ie) $6%6°O 0000°6- 0000°6- §090°0 2622°2 
ioe) 
t 


G0T0°O0 4990°0 
0000°6- 0000°6- 


” Ot 7cL00L =A 
BELT°O TeS€*l 2E0E°O wmcoro fETT*O t 9 vesder = & 
OO UOC ECE TO 0S 0-0 TET S800 S000 90 eT 

9200°0 000°! ECt00°0 Etoo°0 2960°0 O1Z1°0 290070 »9¢0°0 
0°0 0000°6- 0000°6- 


1%60°0 S%9€°0 
0°0 248SS°0 0000°6- 


@El0°0 00070 2 9 ewer 8 
0000°e- 9490°0 4672°O0 1192°0 [120°0 2%R0°0 | Q evs0od a 
492%7°O 9C12°0 Cf20°0 2201°0 Tlz9°O {ISET°O O€20°0 20z1°0 OS7E°O 6257°0_ €620°0 segu°u. € cats __ vtovwe A 
69CE°O 0000°6- 0000°6- 09¢0°0 OSTLZ°O 0000°6- 0000°6- OC€2I°0 @r€E°O EFHT°O G2luU°O [sgu°n | 2 ovelvud a 
Potro TL 9° 0 F900 St z0 8 S00 Be 00S 0 TOTO rr 
002T°O 0000°6- 0000°6=- 4.£00°0 heat2 0000°6- 0000°*6- 9490°0 _ tseert 
0000°6- 0000°6= 0000°H= 0000°6- 


seet°o d2tu°d 
0000°6- 0000°6- 0000°4- 0000°6- 


4E9U°uU I ” 2u60wd a A : 
GZ201°L 046570 Onsu°o 660°C‘ U S scHoee = ® 
Vea" RW OJ ROIS RV N08 ROJO S nv 30S TS es 
$$x3 wAId ee ove a ae 
EE SS SSS SS 


0000°%{ 0000°2T 0000°2T 0000° 0000°STt OOVO°ET OO0O0°E!L 0000°ST 0000°»1 QO00°EI OONL ET HNOUe al 
70%7u°T 2917°0) 


CS2%°l 2E9%°0 6669°0 €£96°0 A76l°L B0f%°0 268S°O 20%5°0 @296°0 214524°0 
——_US5C°U Blur" 000 t0- 0 2920-0 09° 0 TT 0 T SSS TLS 
6S10°0 §450°0 StG2°0— 11 GEr lO — Se 0.0 — ster ee ee ee ee 


2220°0 t19s°o0 6Ette°o 


T222°0 9498°0 2%10°0 
——0090°0 TL 1t- Tt _7500° 0 8900-0 928 0 LOT 2° 002 T0000 BS OUTS TL 
@200°0 22€0°0 STLZ1°0 w%e%°O 1600°0 wvi2uev € “loves = 9 : 
L£¢8062 2 


2980°0 O724°0 6200°0 g010°0 T292°0 €2%72°0 
: 0000°6- 0000°6- LS20°" 6 I 


1491°O 9%27°0 SETO°O sez0°0 I€ze°O 96"2°0 SEtOrO 2%50°0 €690°0 
SHI 909 SSO TET F STO TEEST 
eeSerde-ZegG2d-Geaet 0" =A LEELA N se SChEo 0 OU Le E8e 8 ee ee 
yuede. = 9 


7S6€°T @100°0 ctocro 4680°0 Bt 
°0 7600°0 »910°0 2 S 


8900°0 
tse2°0 2tee°d0 9810°0 9220°0 TOTS°O0 29297°U0 98T0°0 06€0°0 SCC2°O0 ELS } 
——EUTOO SHEL T SUNN UU ETI TET SUT EEL 
Orr esa— esters SAGES GE0 Uae 02002 0 ge Leena a eee 
SeL06L 2 


2761°0 $9UE°O ; , as 
dmlo°t 2470€°0 s€20°0 zceo°o Ot € 


6899°0 O1T0°0 gs910°0 
S€20°0 €€%0°0 


gee0°0 
TOEt°o w510°0 


9Ste°O %l9sg°d 


02420°0 9%99°0 


enor € 2 eevee 


é 5 l6UGd 3 


6vE7°O 2210°0 0620°0 $700°O. Ss0€%°0 2£00°0 


0000°o- 0000°6=- 2950°0 


O210°0 s€29°0 22t0°o %7020°0 @210°O 
9920°0 S»€0°H 4000°0 neuen ft 


7640°0 0000°6- 0000°6- 95€0°0 ss2t°o 
ocB0w =) 


7600°0 v22u°vd € S 


$9%0°0 stet°o 6429°0 


€v20°O 2tc6°0 C971°O @229°C 70€0°0 
*16t°O 6798°N 69C€U°0 24€70°0 € wcelel 3 


£40090 SoL2°0 
00€0°O 920670 g700°0 £500°0 @CIE7O §260°0 9700°0 6870°0 
——a0- RKO nO RV a8 00-0 ROSOTS ST 
Saas 1 phen. SEAS gen Ate PARA RAS PLL N -dygyny BONG Se AACA ARSED —ReeL Ad gag 
ee ae Sate ee ge a ce 


$83 


&8 


TO OTT TT TF 


0000°6- Stze°o ogts*l oer" 0000°6- are2-u E1e2°0 sSesu°0 0000°6= 1269°0 9R0L°G sseorU AOD 

0000°6- 162%°0 St%0°0 6920°0 0000°6- 24700°O €£020°0 o8t2°0 0000°6=- 8020°0 2060°0 “Lint*O aais 

0000°6- 0000°2 0200°0 o100°° --000%6- S7l0°U 0650°0 0810°% 0000°6- 6220°0 OSHu°0 OSsi*™ Q ocuod a 
—— W000" s= 0000" 5s — i COT F9FZTU E00 0B SAE ET ETO 

0000°6- 0000°6= 0000°6- %192°~ O07 1*4= 0000%= 0000°6%= 0062°% 0000°6- 1200°0 820°C Grzut> f L ecG0oL a 

0000°6- 0000°6- 0°0 0°) 0000°6= 6020°O0 O0R0°0 O02K°e 0000°6- Sotueo O220°9 GOmm*E 2 S Lived A 


0000°6- o129°t 9970°0 steoro 0000°6- 14020°0 S9An0°0 Su9l*e 0000°6- LLt0°0 Omzu°O AzAt*> » Ot vee00L 
0000°6- 0000°6- 0000°6- 0°0 0000°6- 0000°6- 0000°6- 0092°¢ 0000°H- 4eC0°O 9FSI°O vuLe'e fF YY Ue9V06L A 
W000 G= TITS VU FETU SET UO UU E= EULT SHAT CSTE UU = GIUTCTECTSIT E ™ 
0000°6- 0000°l S270°0 SLn0°0 0000°6= 6910°0 0510°0 0S%%°% 0000°6- 4S5£0°0 OASI*O NG2%"m 2 9  leyveL —_® 
0000°6- 0000°6- 0000°6- g€90°0 0000°6- 0000°6- 0000%%- 00LI3% 0000°%- SE20°0 0960°0 2enue> 1 6 ovvdoL = A 


0000°6- 0000°6- 0°0 - 0°90 0000°6- 910° B190°O0 EfL2°C 0000°6- 27SU°0 3 [€€2°G Nug2* € be] vlevwe ad 


0000°6- 0000°6- 0000°6- 0°0 0000°6- 0000°e- 000N°e- O0T6°EC 6000°6- £020°0 O¢Sau°do wsEet’a 1 2 eveluud A 


Q000°6- 0000°6=- 9000°6- 0°90 0000°6=- 0000*e- O0U0°S- O0L[°* 0000°H- wetl°d {Fv *U c20¢°> 1 a eveved A 


0000°6- 0000°G=- 0000°4= 0000°6- 0000°6- 0000°o- 0000°6- 0000°6- O0U0°b- B140°0 &F42°N AnQaurm O S Ldd0bd a 


@Serree2oan eZ ese oeenweeoecowe2eeaneoo Sereasererceteeneoet oe aero eeoooseooewoeom eeersoeswmacacrmooeere ror eer ere oreo 


SSx3 wnid \wOVH 


=- 89 - 


0°0 000° 0000°2T 0000°] 0°0 O000°EI OODO°ET 0000°ST 0°0 OQOOO°ET OOHL°ET OVO0*H[ NN 


0000°6- 9612°0 [Se9°t w299e°l 0000°6- 2819°0 9f%9°0 s$z2s0°0 0000°6= 6026°0 92%6°0 syt°0 Avd 
0000°6- 26t°t 2s0°0 I920°0 0000°6- 9%7€0°0 2251°0 Se2ze°n 0000°e- 29€0°0 sozt°o o229°>  NVOM 
W000 b= SIT T B9IZT UB ee0 00000 GSU Z0° UL BO 0 0SS2 00 BOLO LO eS 
0000°6- 0000°%6- 0°0 0°0 0000°6- 1620°0 EE€lt*o0 1490S°% 0000°6- SOZT°O ImAS*O 1596" E€ 2  V160bd a 
0000°6= 0000°6- 0°0 0°0 0000°6= 2920°0 t2lt°o 00e2°*> 0000°6= yOOU°6- 000U°6= U06ES*™ 6 1 caved ps) 


0000°6- 2xtw*l C0t°o e£10°0 0000°6- 6420°0 9621°0 009° N000%6- E4200 E0EI*O zAbYe'> E€ 8 .ovedeL FD 
0000°6- 0000°6-  0°0 0°0 0000°6- 7050°0 0522°0 0s9%°» 0000°6- 4590°0 902€°0 Ozee"> 2 S weve. 92 

0000°6- 0000°6- 0°0 0°0 0000°6- g120°O tm2t°d Eon» 0000°%6- 9600°0 OS»u°0 Ostet» 9 2 oedee 2 
0000°6- 0000°6- 070 0°0 0000°6- 20¢0°0 en21°0 O2EI°% 0000°6- azt0°0 250°0 .9zn*™ OL E€ seavoe 2 


0000°6- 0000°6- 0°0 0°0 0000°6- 9690°0 9422°0 0045°% 0000°6- [6e0°0 0002°0 oott’s” Cc 2 _ €¢906d | ) 


0000°6- 0000°6- 0000°6- 0°0 0000°6> 0000°6- 0000°6- 00S2°% 0000°6- zeoone Istv°o0 Hcegora $f 4 $16062 e) 


0000°6- 2vle°l seated 20eto 0000°6- 6860°0 EE%"0 00a%°% 0000°%- 1290°0 ol22°0 gory £€ SS  edvOwL DF 
0000°6- 0000°6- 0°0 0°0 0000°6- 9600°0 Et90°O SzIt*» 0000°6- 4190°O 269£°0 002S5° » € wewoee 92 
$Sx3 Wid ; “v8 


= Gf = 


2668°0 L92%°0 S@09°0 geso°t £40S°0: 2092°0 666%°0 T6Eee°o LL97°O 002%°0 emu 2252°0 A0) 
SO6T°CI 6S9E°O 24919°O0 - OGE0°2 966L°E% 2170°0 €%22°0 7206°2 S7AT°HE £2%90°0 GrSE°O 222971 AQIS 
~~ OULITST STITU 2eHE Tl W4eB tS SES TU ET SS CCL IST “UTTe Vv UGeeT'Y FIV IW 
199S°9 6§20°O €266°0 0249°0 8951°89 00ST*u 1826°0 098l°9 *109°08 24021°O 22fe°0 NGGI°S g ocdlod a 


~ LITSTEN Tyo teak Saye s 0s 9a SET ESI TU Te SIT ee EET ITE Te Tt res ee 


0000°6- 0000°6=- 0000°6- 0000°6- 0000°6- 00U0°e- 0000°6- 0000°64- 91Sz2°FL L20K°O SGAEY°O Fer2ery d <cu0ol A 


COvertl O000°T Of02°t O20e°1 Ta9€°ellezttev OOm2°t OOSo°IT 9692°99 wEIT°O Fr2tel bsseen 2 S Ltavod A 


7864°2 9262°1 B0%°0 Olye°0 60S7°S9 Sled0°u [45S°0 0060°9 2982°29 TRET°O Fe05°0 NEQR*S Ol 7ELVOL ay 
1€69°2E 0000°6= 0000°6- Lzigu°2 $86L°7L10000°6- 0000°b6- OOEI°IT CWSS°ST(6ELI°O B6ELS°IL EerN°S6 I % urL_ynod a 
0000°6- 0000°6= 0000°6- 0000°6- 00U0°6- DOV0°e—- 0000°e- 0000°e- 2nse°et 27zt°9 eRe? 0 4SG9eG OY 9 le9UoL eek 

0°0 0900°6- 0000°6- 0°0 L4€6v°TL 0000°S- 0000°6- OU0L°s SS69°18 Bette ORTO°T Satven f 8 Ovs906L A 


70@T°S2 276€°O0 wE4S°2 S$225°9 "SeC°S? £022°0 %£45°2 O0Ag°TT HLeC°w!s? LZUTESU TyOv°l Cesiec ¢€ » blovwe ao ‘ 

99or°tl 0000°6- 0000°6= 0046°1 9SLE°97 0000°6- 0000°6- 0096°%% T629°62 99970°O DOHC°0 LUTU°y | 2 ove0ud A 
SOLOS Sty CSET ON USST- 0 HUT BS FULT US SEU ELLOS OBI SOT SUS HTT Seb 

9S5%°@ 0000°6- 0000°6- S292°0 *SLS°9E1T0000°G- 0000°6- 00%2°% LOTT°ES 69%2°0 O2HF°O0 Seeerk 1 ) eve0wdd a 

0000°6- 0000°6= 0000°6- 0000°6- 0000°6- 0000°6= 0000°6- 0000°6- 2S2T°FOTLeBI°O SSA*T O9IA°L 0 S degUwed A 


ssx3 wnid w3V9 
e- Qlov 


ce ec Se ee ee 


0000°ZI 0000°S 0000°0! o000°2T QOOO°EL OOOO*TT OOOO*TI 000°C! 0000°2T GOOO*TT Noouett ovoveel NN 


e90T*t es7°0 0822°0 9698°0 4898°O 629S°0 €%29°0 60SE°0 €91L°0 98°90 wALy°0 eB72e°9 AQD 


AOMI*SE 6591°O 0%05°0 e0€e°E Nv 3 


9067°8I 9062°O €See°o eg€09°l Ow26°ES 99€2°O STII°t CovAa’e 


gato — cere t 8 ts 0 025-0 81 9-2-8999 THOSE BOE ST ISLE SSPE OUST TOL 


@7S9°S 2601°0 70S°0 22TL°0 26S6°62 %2ST°O €6SS°0 0029°E 29zE°r2 1960°0 BEHerO Lyeer2 € 9  vhevoL FD | 
6L60°ST BEI7*0 S*ST*T 19SL°2 9485°2E 4602°0 SHSTet 1490S°S 005S°6 0000°6- o0D0%e- 0OSL°2 6 1 sc80L 9 

0°0 0000°6- 0°70 0°0 ESSI*7l 06€0°0 OS0T0 0569°2 FEELS OT Ma CH RTL NT a 
T20L°2T 9ETL°O 00TL°0 0566°0 Z216S°@7 L96T°O OOTLTO DOL9°E [2z9n°4e eo2t°0 geceto ost9°2 2 7 youdec 9 
@061°9 6985°0 SSAS*0 S166°0 gelere2 TO9t°0 S69S°0 S1S9°E 6Zle%m2 s990°0 O0Fe70 009972 » 2  lvevec = 
9096°19 [10990 TOLZ2°L L99T°€ TgStottT6el°O Toze°t o0R€°9 wren's9 GtlteO zeseeO ecel2*€ Ot € setvoe 9 


0000°6- 0000°6- 0000°6- 0000°6- 0000°6= 0000°6- 0000°6- 0000°6- 0000°6- v000°b- 000U°6- 0000°6- 0 0 tcy004 ) 


0000°6= 0000°6= 0000°6- 0000°6- 0000°6- 0000°e- 0000°6- 0000°6- 0000°6= 0000°b= 000U°H= HUO0°H- U 0 516UG4 2) 


Tle7*Tt 0000°6= 0000°6- 08%76°2 2275°02 0000°6- 08000°6- 0012°S oectro2 C209°0 sese't o2et°e 1 S ocBUud 3 


2e9S°C 2%te°t Szt9°0 L9€%°0 Titel 6909°O aatert 29ter°?e s2e6°9!t cSe2°0 canz°o OOTO°e € € wceeOud 3 


C8208 SS CLS CO OBOE SOS RASS OOEHRAAAD 2 OSC S8ESS8 2S 82S S BS SESS BSF BZSS®®VO® eset ee econ 2 eae wee fee e CeO eros 


$Sx3 wht . ., > IEP ao 2 giv Ae rs 


i eee g gpedsk aves aved.g _O502.0 SE2.0 2580-5 “005.0 0208.0 00) ee 


ane Yaar 


8667°0 606S°0 9489°0 92€9°0 92€S°0 2€€7°0 S29%°0 14982°0 


O010S°0 w2z87°0) T2RS°0 


L€%¢°0 Aga 


L4916°@ 970E°O 269%°0 6428°1 28%1°%E %190°O 109%°9 lee2°2 


€SE6°9S2 BM9NU°N OzE°O Efalet AQGL> 


een = 
PPP OP POOL OPPO DOOD SOPHO DOSBOBDODOS CHOCO 22 eSee wows eo eeeowe wo eee oe ee wn ow wm Owe ww wm ewe e we oo eo cw eo ew ww ewww wow woe oe ooo ewe woo eosocee coos 


686S°2 0€06°0 SIEL°O OOTg°0 LLOL°ES G6OI2°O MEOT*T 0090°S OLE2°EO9 2HST°M 249TL°O Genrer 8 ocv0ed A 
9829-9 2090 oot tors -t 990-98 259 to ter tse sate atest totes regs 
GEOZ°BS 0000°6=- 0000°6- 00SS°C €£9L°29 0000°6- 0000°6- 000672 PLVL°IS L99T°O L9TL°O ONG? JI é ech06e f) 
S2or°st OvES°O G0Se°0 008s"! 7992°22 9021°0 G0SA°0 00S0°% 9OTT*ZE 26800 904%°0 O0L7"S 2 S - glevoe A 


7S0S°S" 92s6°0 %7899°0 140909°0 


—$00e°S9 9e%T°o 7879°0 S29€°9 %660°6E 2eU1°0 2009°0 eles°t Ut 721004 A 


OST9°L2 0000°6- 0000°6- Casz*! 2642°7E10000°6- 0000°6- 005S°8 222°€8 20S2°0 T66¥°l sztoc°9 9 


Ury06L A 


Ons ae EET OBERT OU Seyert 16 tere UL UU BLEU Set Seb GUT ET OU SOUL USES ET 


» 


osie°9 BeT4°o 0006°% L£16S°9 Ogse°2t S€22°0 0006°1 000S°y¥ C6tL°A S9EI°O wvEEGTO FaUEct 2 9 (29U6 A 


6746°2T 6498°0 OOSI°E C9SE°I O67T°9L B9ET°O0 O0ST°L 000%°g CLECPECS CH2T°0 AF00H°0 sErurez 2 g 


2U02°c2 08€6°O %422°0 S186°S S9B0°6E 9220°0 E422°0 0060°01 91022 Owne?O TOzl°l Se9u°s € 9 Olovws A 

92E0°6T 0000°6- 0000°6- 05912°C S786°2S 0000°6- 0000°6- 0001°6 €S$9S°F2 1060°0 0625°0 f5eH°S I é OvoUuL a 
ws otrrt_ saute a Butor tt 000g- Zz S TE SSET OU BUTU'" TOUS "SUITE Beet U0 OUST UST eC 

taee°ct 0000°6- 0000°6- S2t7°0 TETO°v2TO000°b= 0000°6- 00S58°E 6220°09 L4E9I°O 829S°0 steve ft ° evedud A 


00G0°6- 0900°6= 8000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 2526°TS G6821°O 241S°O N066°E 0 S £c90ve A 


—————0d0- nA ROIS RVR RRR OT SRR RRO RTS RRS 


S222 eT @22e*GeDeoecesoeeeooanereooera 


SSx3 


Se ®eecoerteareveverocoecesoeroeoceoeco Sea ®ewme@eeeoemoorooeo@moecnm aoc ooceee 


wnie »IvA 


90S 


- 93 


0000°s{ OO00°2T 0000°2t 0000°1 O000°ST OOOO°ET O000°ET 0000°ST 0000°{ OOOO°ET O00O°E! vOOV"aI NN 


€£€96°O €06S°0 9295°0 2€29°0 "€96°0 90S%°0 SS4S°0 @L%7€°0 28%70°0 6109°O 222° S69E°H) AND 


BOT“ YTB YEE USB ESOT 92S ST ET BET TTBS ET TET ITT OT 


ogz2°St 0699°0 6298°0 *vEtza°t ivee°ee O£82°0 6%78°O ECLI2°C LItEe°ot vel2°0 SS42°O etal NV 3h 


wwe ww oem we mew we mee ewe we eee eer eo reer eer rer er= 


————gore-9T-O11e-t SST 2° tats TTS SEES TS ALES te TT tT 


TOSI°ET 822%7°0 6965°0 S06E°l C77S°22 BSLI°O 6%65°O EeeBe°’ec L6OSS°ST 27g0°n FL9I°O Fcbort € L 016062 ; 2) 
Coloest ELf9°0 geltlet cees°2 9199°e2 zIc2°o eK6licl C&te°s €99%°2 0000°6- 0000°6=- vOSI°2 6 I 4eBU6d 3 
2290°t czet*t ss29°0 00ss°0 SILI°S 26ly°0 LEe9g9°0 6EcEasel Z2ane*s gloleo 2902°0 oSzuvel € 8  eve06t = 2 
4a72e°et €992°0 062€°0 Cede" BLLL°ZE 9%ST°U O0SLE°0 052%°2 LLEG*EL 9O9L°O v2zleoO zglOrl e 9 yued6eL 2) 

4922°€ 1029°0 6725°0 ceeL°od 61446°6 SlL42°0 6%25°0 Cece°l 6SOLl°OL wOEl°O OOSI°O OOSI*T 9 2 tvguer = 9 : 
4980°Ey SE0S°O0 *wSET°I 0552°2 9410°9z2 9942°U MSETPIL OS501°% B62l°zy BSOE°O 24595°0 LOSR*T OT € S¢c€LVU6L 3 . 
S960°t L2SIi97°0 €er72°0 0008e°! 8e97°l welEC’Oo €872°0 00GE°2 2Z2Etwen ge€ze°o oOezl°o 00595°0 Cc €  tevoe 2) 

L£02S°% 0000°6- 0000°6- 0920°2 7409°9 0000°o- 0000°%6- 0000°C TiS2°t 97ec°O OS54e°0 OSzA°O ff 2 5l60ed 2 
SEC!Y]c°UT evtl°O O52%7°0 OSEI°o 6SL9°CL 960°C 051%°0 0526°% es78°9 «1e29°0 2nce°o —00e4°0 . ter 7S" _ 0¢808d a, 

7$28°0 222%7°t 2965°0 291%°0 OGOE°ZI OOCE°O G27L°0 00S2°2 Iseictt eseceo 4222°0 4910°2 9» t wev0bs 3 


——y0-W RO RTS 3 0S OSS 


SS SCO S2O2 2S SOS SBS S2ESSESS44S6S6SES8S°S 


ssx3 RN wIV8 


hae a AE SC TN 


- 94 = 


_Cteert 466S°0 0%69°0 995I°t 


890S°0 281S°0 E€£%7°0 10%7°0 97SS°0 48662°0 


4SAr°O 3 1S9e° AO) 


BOGE 6IS°O 0960°0 e€2°0 LUSO°E §921°O0 %090°0 «egec°0 CLov°€ 2IL0°O O£S0°0 See2°u AGL 


€0ee°9 CAr2°0 1S2l°0 2EuS°O ¢ ¥ ocvled a 


Te2tet g492°t e2et°o s90tco O1%9°S SI0%°0 ga0z°0 0025°0 
0000°6- 0000°6=- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 6€Ee°S OFRE°O REAI°O Meiger G; iv pee cB oe 
"920 0000°6- 0°0 0°0 L£m6E°OT S9LT°O AOeteO 0020°1 etosee (a2t° oO 2291°0 Nn9x9¢d"t 2 S ° alevoe A 


s€ore0 (2ee°t (2Et°o c920°0 B0LE°% OTE%°0 40610 S2%*0 EELL°> OF0ETO GOmI*D NSunr0 % Ut reevoe | 

9089°0 0000°6= 0000°6- ce%0°0 SS69°L 0000°6- 0000°6- 006%°0 "9SI°S 2506°0 EC9EL"O Lvyyrtu t 9 Uuesdee A 

@6f2°0 25e8°0 ooet°o EcE0z*0 OLET°L @422°0 OOgI*0 006L°0 O9TE'L weztro ofsuty wvestu’ 2 4 eevee 
0°0 0000°6- 0000°6- 0°0 Col9°S 0000°6- 0000°6- 0099°0 B1S6°L OL0E°0 294270 159570 | 6 ovvveL An 


S2Zt°2 6est*d ge£e0°0 24z5°0 BIZE°y 420°0 Bevoro 980° Imt0°e 22270 SESI*0 Seosty Gy Ub tObee 
0°0 0000°6- 0000°6- 0°0 1E€09°E 0000°6- 0000°6- 0029°0 Teor" 2071°O OG6u"0 usestu ft 2 vo0ee A 

~ OSIS~O COTS OSTEO Og t eo 9 ete eet tS TSS FE SUS S 
0°0 0000°6- 0000°6-  0°0 %€99°6 0000°6- 0000%6- 000€°0 CBEr"S 151270 OSLU°O Gemetv { 9% evodst 8 


0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 2t22°s 6992°9 @901°0 H0U7"0 48 S echO0be A 


Sy ; wNId V4 
$ 3 - - = - - oe ae —_ . - “- CON - 


J) 


0000°%{ 0000°0t B000°2T 0000°%% 0000°SI OOUVO°ET OD000°ET 0000°ST 0000c7{ OV00TEI OOOV EL CHULeml NN 


2taet 90lw°o stecrt 2cetet 1€00°L O122°O 6%70°T %74S°0 6992°1 (S67°0 Cz2z°O § Iru2°0 AOD 


Sv9e7°0 $696°0 2940°0 9@220°0 2002°2 cere°O 0560°0 9212°0 aSrl*2 g06c°0 2950°9 9602°0 NVI" 


SEALE BARGE 8685.0— SS10.6 Fei e etree eee ee een ata ee enon a enn ee ee a ee 


Bae HT Ee oe a SE 


e9et°0 0ee.°o et0r0 Cez0°0 6€0L°2 26R0°0 620°0 O00EE"0 1see"2 el Teo Suau"o. OSTE Or ec” "oO tedee = 
1626°0 0£0%°0 189070 6e91°0 2m02°2 9eL1°O IAvO"O eBLE*o €622°0 0000°%- 0000°H- DOT270 © %t «ecavee 9 

0°0 0000°6- 070 0°0 0294°0 721° 0620°0 OSrI°0 beer Om T1oT- 0 oer etri ue" =o SeNeeE SS 
1€92°0 0000°L Elzoro ECtZ0°0 ag2s*t 0052°0 0060°0 o02t°o caez*2) gozt*o onzu"o sz9ito 2 © seeder 9 


Dee gh, feet TY ETT ITTY ete OD, Te 


e2zc2°0 Sse" oc2t°0 0660°0 7420°T 6025°0 20€1°0 00S2°0 Tgz2°t S2€%°0 0020°0 OOyl°o 2  _tWwevee 2 
gese*e 2e0se°o 1280°0 ofzt°o ali6°S 7862°0 0260°0 OS2€°0” o9Lt°> OGl7°0 s990°0 L9st°o ot t 6¢L062 =) 
golo°o €%7S°0 2800°0 oSs10°d €190°O 4060°O0 2800°0 0060°0 g9£0°0 vou9"d ASe*°0 oszoey € 2 kev 06d 23 
ZE2Z2°0 + 0000°6- 0000°6- 9001°0 0652°0 0000°o- 0000°6- 00%€°0 g10€°0 L299l°0 00709 OON2°u ft 2 516062 2 


6S¥2°0 002570 0590°0 as2t*o igo. 2eec"0 9008 oNtO-N Te Ss ecsowe = 


Oveo°o Ovse*t 220° 9020°0 9796°O 9912°0 245€0°O0 0991°0 €ce1°0 «2€0%7°0 et90°0 fesi*u 9% € vc@lul e] 


Ssx3 wntd aa ¥va 


a 


=" 96°" 


vateet 9299°0 C062°t atest 7T%%°O 46£9°O 0066°O 4€9%°0 6627°0 9 96%74°0 2990°T 


#1%9°0 AOD 


S690°U 660°O 6o42°0 evICco 4979°2 BIST°O “sSz°0 Sec°O0 O€29°2 2m61°O OFLI°0 tAgZ*0 AQLS 
To 908 OES 9S T8580 FEE 


PO OO SF 8S 8 FS OBES 88S 8 OS OE S COO OO SS 29 SSS SSO 828 OSG SSAC OST SEBS OOBTOTO2OSGee2 le FF e wesc ews e TT OT OB eT CBee fee Mee HTS eee eT ese wer Of OT Se MSO SST SEO! 


2006°T S9e2°t 66C1°O 0601°0 T12Z9°S @€9%°O 7062°9 0099°0 ece0°@ wviev?O0 2€22°0 G29S°0 GS @ oce06s A 
ome >)? 0 en) 9 ee D9 eso 9 ek 4 9 kf Oh Ak OS | 


0000°6- 0000°6- 0000°a- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 2602°2 €991°0 90€0°0 cCr»gi°o vu rl 2cBVol a 


0°0 0000°6- a°0 0°0 %SS9°G €6S2°0 00%1°0 00%5°0 arot°2 940290 SS94°0 0¢1H70 2 SS cledet = a 
0° 0 00 00° 5 0000-8 0° 08 2 T0000 50008 E0098 TS SSE UO 0S 20ST 


4sec°o 42em°t 9€20°O 0160°0 OCE*sy T6S52°0 Q@OiT°O Szer°d S2a7°o? GOw2°O aAGII°O Of iv°0 » Ot V2 LU6L a 


6° 0006°6- 0060°6- 0°0 4E2E°R@ 0000°6- 0000°6- O06CS°0 406S°2 2602°0 w6ft°oO eiesso f{ 9 Urg06L A 
—— 9916-8 — 20st 0927-0 — Sst 0 a 90-1 099 T 0 ert 0 Sse art ot rete tte tes 9 rer 


OfStet Slte°d 0626°O 0€66°0 6€970°2 C€LvS°u O626°0 O0925°1 O6%€°t 690€°O0 gezt°O Oews°9 2 S 1¢9062 a 


@°G@ 0000°6- 0000°6- 0°90 2498°S 0000°6- 0000°6- 0012°0 6"9S°@ Ofel°O B7gl°O (h9H°" f a ovv06d ny 


@6¢%2°E 9092°6 1e02°0 €864°90 €900°9 *ef1°O Ta02°o E£0S"I 978°C 6494°0 76496¢2°0 05902°0 € % U160wd a 


T@S0°G 0000°6- GO00°4- 0010°0 LG16°9 9000°@- 0000°6- O04I°! 09¢4°S 9SE1°GO O091°O Ouellet ft 2 oveUw~L A 


@°@ 0006°6- 0000°4- 6°60 729S°21 0000°b- 0000°6- 000C°0 21€60°9 7O71°O0 6950°0 0507°0 If 7 2460ee a 


0000°6- 0600°6- G000°6- 0000°6- 0000°o- 0000°4- 0000°6- 0000°e- 9c94°C€ 2261°O LE%0°O0 eife°O YU S Levlee a 


— a0" KO $s va 0 0 ors a a0 Ss 


$$u3 wnid yeu 


eee a ee ee Ae eee sa eee oS ee SA ER oy 9 Pe a ee eS ee QHN 


-97 


OOOO°EL 0000°S6 000° 0000°CT 0000°ST 0000°ET OO00°EL 0000°ST 0000°Ct OOOU21 0000°21 OOOU°E! NN 
: cerca nc NE a BME oath bel ae ne ae en ie sa Sk : 


COe2°t @929°0 $162°0 Sie6°o T9le@°G 2519°0 AM625°0 208S°0 0669°0 2079°0 6526°0 vm7°U And 


{106°0 $990°T €v0t°o estt°o 98%S°2 6109°O 2921°0 Ss22e°o 


tez22°2 26S€°O geo0°d = fise*u Nv ay 


Pm Wineel tee e COLO" S| yeee te 825528. 628055. £96128. 3 8854 tno S5558~ shh dS waws See c mn nee 


zeeere 2€€1°0 9f70°0 Gowed € 9 _ vleued 3 


ctes°e Sate°o 29ct°o 492€°0 eles°’sS T66t°oO L.9EL°O 1989°0 


4ee9°T Sols°o ¥S21°O 6862°0 Sev0°e (4E2°O wSZ2t°o 692S°O 1064°0 0000°HK- 0000°F ougc2°0 6 t Lcwuer 3 


e010 0000" 90z0°0 9020°0 0€09°O CleL°O Os%0°0 OstI*O AmIseo 2%52°0 20Cu°0  ZATT'O ar -aeyeps ovate ress -.- 


0°G 0000°6=- 0°0 0°0 6789°T 6526°O Os2t°o osEt°o 61E0°% %7699°0 gS02°0 S10€°0 é ” yuedee 3 
x 


Soe cer ras SR bi hk Adi Dk TO 


@celeO SezL°t O2r2°0 OO%T°O L1E9°O Z2OHI°L 9EL2°0 90%e°0 tue2"t cceero ocosuco osteo Ss 2  Wvevee 9 

COLt°E EI°D E¥II°O 099T°0 £290°9 C090 ALII°O O22¢°0 clesey ealesO SHouen fegiro Of € = sétveL = 9 

0000°%- 0000°6= 0000°6- 0000°6-  L4S01°0 ELBS°O 0020°O0 GozT°O 0000%H= g0v0°s- O0OUeA- vovUro- 2 0 ee90eL =F 
0°0 0000°6- 0000°6- 0°70 LE09°O 0000°6- 0000°6- 009€°0 goes°0 Iee2t0 OSzitu osevre t 2 sleeves = 9 


(92ES°0 4062°0 00S0°0 ozzT°0 1498°O S2@t°@ 0050°O 0%22°0 gaceso stvero osco°o azotro 2S ee ee 
070 0000°6- 0°0 0°0 4099°L 922°C 14590°6 0202°0 gez2°€ 9095°0 wS9e°O fesv7O CC € 960084 9 


SSCS Oe 22S Bee 2202282292599 eSeasecoe oe eee eee ee eee eoeee2 23222 eecsesoees cess eco ace eeeeoeoee” 2o@ 


ssx2 16 , wove 


98 


—eotart —(06e °0 9seor°t €60s°t 6L49°0 26AS°O 289%°0 B€SE°O 0e9S°O S29S°U 6AG0°t 929%°0 Ao? 


609€°O gf9S°0 €HZ0°0 090°C 1€99°O 4621°O €%20°O 8990°0 tee]2*t €992°0 es2t°o Isitre Agis 


Serer S20 1 0ST SST ET TESST ITT 


9%40°S t9g9¢°0 0990°0 26tt°d 


6€%2°2 196%7°0 A1A0°0 OS9l°O Ss @ ecGVol a 


————egc0-e—2 yt yet 90 10-0 S00 0 9 e092 TET TET 


0000°6- 0000°6— 0000°6- 0600°6- 0000°6- 00U0°s- 0000°6- 0000°6- 6869°E SLES°O SO9L°O “Rod” v 4 2cuvod A 


eee eS = - = See aoe é ao -_-— < 


0°0 0000°6- 0° 6°90 €asi°2 2600°C 0020°0 N012°0 @29U°» 1956°0 24905°0 00f5°0 2 s 4tevod ® 


—61eg0°O O2eect efz0°o 9210°0 *6l2°t alearsO “4150°O S2é2ird Of2L°T 676S°0 67600 Anst*Y aa OU _7eh06d © Bale 
0°0 0000°6- 0660°6- 9°0 Q7Gu°t 0000°6- 0000°6- 0021°0 5 os 2272°0 Stvl°O etoirv ft § Orv0OGe 8A 
0°0 0000°6- 0°0 0°0 €e2c°O 6092°0 0090°0 900f2°0 006u°0 _S899°0 =SEELTU oo9ero 2D, E9008 a 
0°0 @000°6- 0000°6- 0°90 L259°% 9000°@- 0000°6- 0002°0 6C660° vOR2°0 BEQV°O c42e2°O Ff a ovyUel A 


%69%°O €0%2°O %6z20°O Ss22zit°d £689°0 O821°O 7620°0 00c2°0 


91es°O o94%°0 2isgued szoleu € va ViGOw. — a 


1620°O 0000°6- 0000°6- 0500°0 £026°0 0000°o- 0000°6- 60S1°9 9209°O COTE°O OSGvV°O CGri*O ff é evedud A 


0°0 0000°6- G600°6- Piet Ms Se ae 


0°90 GOI9°L 0000°e- 0000°6- 00S0°0 09%76°G 6S22°0 oc 10°o sesoru t 9 — @uedes ass 


0000°6- 0000°6—- G000°6- 0000°6- 0000°6- 0000°o- 0000°6- 0000°6- TaaS°t v€02°C @v20°o o2zi°o a Ss 4ceuue A 


$$u2 WNIT / wave 


ay. : 3 


oy 


Q000°ET 0000°6 O000°2t 0000°ET CO00°*{ OOOO°EL 0000°ET 0000°r| OCOO°ET VOLO*2T OOOV°2t QOLU°ET NN 


6206°0 6S96€°0 COEI°I O10EcT S78S°O0 %629°0 S$S02°0 0649°0 BE6e°T €695°0 S2eu°O 12es°0 AOS 


——s 960° 089970 S090 990 rg 0028S FBS LEB ITS 


Cz01°O 9f29°t 2€50°0 6€£0°0 7998°O 0295°0 6780°0 £€9€1°O S90L°T 9665°9 G060°0 anrSl*u NV Jn 


——¢5 90-0998 9 tao 200-0 0 Te TEE OER 


0°0 0000°6- 0°0 0°0 €S6S°O gf&2°O O210°0 €€20°0 iv22°0 G2t9°o [95u°0 “2te0°o € re) vl6dod a) 


0°0 0000°6- 0°0 0°0 2286°0 646£°O 0690°0 CELt°d 20G2°1 = v000°H= 000G*H- OO9L°U 6 t Leuvod 2 
S609 STOTT EE TIS OST IT ST 


tes2°0 2222°1 e2szt°O €€4t°O 060S°O0 %706°0 6261°O e€12°0 2£98€°0 9005°0 2€50°0 ONgueo & 8 ovslod _ 


t2e2°0 O000°t geelo°o egi0°d £4566°0 €€eEE°G 0S26°0 05920°0 2816°O Lzeteo €ROVeD Seg0"d 2 ” yU806d 2 
40 LU S592 EELS RESET 


2922°0 g0ez°t 2990°0 08¢0°0 825S°0 0969°0 0040°0 0201°0 62€S°0 7125°O 0070°0 0z0°9 ¢ 2 (ugued 3 


Cl2t°o oe000°E Od910°0 €500°0 9790°2 69£2°0 4529°O O€0T°O Goc2°ot 2sat°*t tase°O ayveedro Ot t seLloe =) 


LS10°O 2%t4*t 9€20°0 1910°0 S22l°0 €562°0 2670°0 2991°0 ecolty 2991°0 o0fueo voRItO é tewee =D 


0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°4- 0 0 Sle0ed 3 


c92t°O O000°T Of20°0 O20°0 4227°0 6825°0 OTTO 006T°0 BotA°o g7t6°O Livl°O Mesto é S 6<80be =) 


0°0 0000°6- 0°0 0°90 T€99°0 1022°0 S2i0°O 2950°0 2279°0 99997°0 SS70°O0 OvUT°O € € wevUbd 3 


——yau-RW RO nos vg rt ers sa TSS 


we ereeee oem 2 eeeeeoee sc = cee eo ooo oe See eeaeoreecoer eee ee ea eos ereraoaeoroere= ewes eroertoreenmoeor eee eee2 cae errrere 


ssx3 wid wIth 


2 tL SAO BN ADB BSE OPE LEE OT aes n- 


ee 


100 


2ere°t 9914°0 S$ee6°0 20Ir°t Os€oO°t »0€9°G eESS°Oo €Ee28°O T1S6°O G1SS°0 0894°0  OhEr*4 AUS 


7028°t 22296°0 0090°0 91%2°0 Of22°S “4591°O O8S0°0 REHnw°0 C6RE°® VSTE°O OTTO 2lede*u AQIS 


~  &0sert” Tstr-o_ [09-0 tr 0 0S BST EN 


PPP DAL EPSPS SOS SDM S DSS M STS CSO @SB Ce Te CeO SOBs e Cer e@rteoceowtaoeem ee mt ewe were to eww eet eo emme ore ee mmo sc ome emer erw ert eo tert eom em meme m ee eo ee mem oreo ow emo ocoe 


€@29°O €2e2°t €250°0 S$970°0 Osis°2 €826°0 tElleo dO»12°0 727°C SGevt°O ezirmveo yrt2ru GS 8 6¢BU6L ” 
wea lee COCOULG"—— 00s 10; 0s = %9LE at SIU 0, stHHOTU: 9te.0  V2Ge-> selheu! alhlcso scestsy it 7 tepusr 

0000°6- Q00U°G- 0000°6- 0000°6- V000°H- 0000°6- 0000°6= 0000°6- 99EL° 2B67°U TI72°u £2eS7°0 O l dduVbl a 

0°0 0000°6=- 0°0 0°0 86e9°€ B412°0 C00T°O G09€°0 G620U°E = wAL°O 2GQu°tG C297°h 2 S ela0od a 


O2St°O 2%le°t 156f0°0 40T0°0 2el9°2 e91f°u §690°0 4902°0 ISm2°2 905770 EOTT°O URGe"9 E€ Ut weLQoe =A : 
0°0 0000°6- 0000°6- 0°0 2829°0 0000°6- 0000°6= 00%70°0 129° 2272°0 OlEuveu OS2tru ff 9 ULY0OL A 
~~ Tt66"F 6250" 0 UStU" 0 IIGI" oO _ UBS T ET SUZUU_USEU"U_USTI° tS rr ue FL eT OF 
S22°0 7625°0 0060°0 0021°0 Co02° [TIIl°O0 0060°0 d00!g°0 g99m°t (4er"0 EfLe*G VOMV"O 2 SG  1e9oe ‘ole 
0°0 0000°6- 0000°6- 0°0 Cx72v tl 0000°6- 0000°6- O0LI°O C9tee2? e259°0 Elele*n Aheeru w evIvuoL a 


S9OT°E F6ET°O O001°O Sateco 67LE°S 7640°O O00T°O 0092°1 69EAR°2 2660°O “Lisueh S2n7s°uU 2 9 vlodws L) 
7469°0 0000°6- 0000°6- 0021°0 2679°% 0000°6- 0000°6- 000H°0 l2E°E SELV°O0 005070 HMHseh | é ovoUel A 
—— F9tr~t— €9v0r taal 0 008 t0 9906 TEE IS 9S 0 OT OT SCENE NT SS FUT 
LICB°> 0000°6- 0000°6- 00S51°0 S2e9°Gl 0000°6- 0000°6- 0085°0 SSTI°G U29T°O 949° OOEr*U ft ” cvoune am 
0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°o- 9000°6- 0000°6- 790° [[Twu°0 95£°0 07097°0 0 S Lewlud cs) 
WIA i ; 
: v9 


0000°r{ 0000°6 d000°2{ 0000°%] OOUUSI OOOO*CT OO00°E[ A000°SI 0000°»{ OOVU TEL DOOUTFT Nubuseml NN 


Locv?t 2719°0 Birt ed92trl @899°0 Gl74°0 H9EO°T 8925°0 2069°0 t02e9°O Hydorh CuES°O LY) 
———-_ S650 —Sttyro-- zyg0rv 0 96S0° 0 EMBO SEBO CUBLOYU OUT oO UT TO” GSTe"U UUHUT0 eo, ~—~C~CU NS 
920%°0 992E°T 0250°0 6250°0 660%°f 220%°0 2910°0 TI02°0 ABIETT HRHOSSO 21K0°O) eHET°O NU 4a 
——"Uvt tro —“OzErr-tT T6zo°0 “BITO"O HSV T DOWH-O  USGSU"O OSeT "Oo -onswr2 ULE TO Sette Rest COTE 
0°0 0000°6- 0°0 0°0 0009°t Owtteo 9¢20°0 2902°0 260t°2 2Un€°O mmAucO tMmecuU £ S) v (606d 3 
g2t2°0 2e2t°t 71%0°0 249€0°0 2000°t S96T°O 6290°0 062¢°0 Alooet vOOOsh- O00U76- HOUT 6 t Lcbuea ®) 
——~ gSuyro TUTE oO 9NST"O TTet’O = —wSbe°T 1669T0 9EST"U L9ee"U -yeoM ew “TUTTO US00 oO TSH eT 
; 09€0°O O000°t 6900°0 6900°0 GLLS°O 6060°U OOT0'O dOTT°O 216"°0) 2lone0 eesgutu esulero 2 r) ovsU6l 2) 
ad C7s°l 1992°0 O0F0°0 ctt*o 9eSt°> O000T°O O0t0°O O00t°0 201972 use¢d"0 Lous Gibl"O ce 2) yudued P) 
Ss — Stzerv UStS*e 6%62"0 SITITU “G20l~2 «Ueis*t &2tt70 | 6LRBIYU 1SEe°O” 259S70) USIOvU VSITO BS CUNU6E = sa 
i 00(2°0 %7008°0 O420°0 #ef¢0°0 9966°0 9902°0 O2t0°0 O9GT°O L£996°0 00¢6°0 O49u°0 USel*Uv 9 é tuv06d 3 
iuvl?O %e2erd asl0°0 €900°0 1ugO°l 0995°0 204070 bESO"O wOOL*E t4Alet YenUTOD #esurU 6 t 6<2062 B) 
——0O°N VV00"S= VOOU~E= ~~ UO ~~ ZUUI~I UUDU~b- DUUU"6- VUVOO peut oweevu “Sueory True TE Leer 
0°0 0000°6- 0°0 0°0 9SIT°U €al2°u 0010°0 O00%1°0 ONEI*U Ye70e0 OOLL°HO Hutdeu ¢€ 2 Le9Uod e) 
2062°0 0000°6- 0000°4- O0€C1°0 9700°t GUuu0°b- O000°H- 0697°0 GI07°0 1€65°O 00617 vHerrv J é 5 loud P) 
— —— 9000" 5= V000"5= UNUN"S= D0UN"6= — YITY*U  bBUGTU UATIU EEE eo” ~ yoou’b- “UouUK= DUNNE = OUNU~H= EO TRUBS 
O'TLE°O 9462°0 0540°0 0660°0 290° 6572°0 0510°0 O90€°0 0159't S60E°0 LE90°O Oyue Dv 2 S o<8064 ) 
0°0 0000°6- 0°0 0°0 mole2°t 2e0C£°V 4150°0 cest°o 000S°t g2tuel w7S5t°O ANGLO CE € wewOud ») 
————_ya0- We KOA S NV a ROD RT SR Wawa ROT SR OOS 


eie2 ; v3 


tee a re 


102 


——-_yuun-zt vo00ry—uu00-7 —_0000°2z1 0000 -eT D000" I~ UOUUYL —VU0T" ZT GOWU FT ONTO FTO TT 
96S9°I 75%76°0 Ste@6°0 c4A2e°l 299T°T 0698°O 27y1°O @252°O OCOr°t 2a47°0 29%%°O ~VGL°O AO? 


TITE*O 99TS°O 6020°0 sezo°o O€22°O “4E7E°U “L120°C $%50°0 1$66°U ErOl70 Aeturo sugue0 agis 


SSI UTO= CLG" CO CTL0° 0 2ST CSE UCIT GON E70 FIONN Sava ke eae Te 


wmererecwro er eee mew ecm eee eee meme eee Bem we mM fC em we emer rer we 


L¥S0°0 QLTE*L 9@00°0 $900°0 - 09270 4729°0 2910°0 0920°0 L09C°O B99L°0 St2U50 amet G 8  wcwdo:l m 
————¢-0 — 9000-5" 9-0-0 0 —— 8 92-0 0 09-0 00 80-8 ET 

0000°6- 0000°6- 0000°6- 0000°6- —U000°6- 0000°%- 0000°6- O000°s- 2164°0 Ble 0 Hm2u70 acuutu Of PETTY! A 

99970°0 O000°t 0600°0 0500°0 209570 S7S7°0 0620°O0 0950°0 202%°0 O202°0 trluso LOzueo 2 9 ileade. A 
———— 9-9-—p000-5=—0000-5=——_ 0-0 no 20-0 — CUN0- 5" 0000-5" ONTO-0- FOUR O WIT“ OUST Or TS EOL 

g192°0 Ceezet 4£S0°0 otcore Z119°O 4C40°L 9990°0 0090°0 016€°0 0927°0 yatuty ovav'u 9 Of veL0oL a 

U8 AROASTS= L000 O= o°0 T4$1°O 0000°6- 0000°6- 0010°0 C2t2°0 2090 SL0u70 ueevrn ft 6 ut 9064 r 


———yo00-5" 0000-B= 0000 =—0000-5=——_ 0000-6 DUNN B= CONUS OO00-E=— ~~ ETI ~CLLE-0- WC GUTU NTE OL 
1620°0 20@4°0 G0¢60°0 0%790°0 70%2°0 [%62°O 0050°O 9041°0 €292°0 G9gt°O ssCveo 090179 2 S iddvot a 
0°0 0000°6- 0000°6- 0°0 S0LE°O 0000°6- 0000°6- 00%70°0 (A27°9) Sv? eaten geguen ft w oVvvol s 
——p000°5=—0000-S= 0000-5 = 0000 5= —— D000- B= —T000- B= 0000-5" 0000s TOGT-O- LIVI -MNZE- NM MOET OE URE 
Otz€°O 9660°O O600°0 0060°0 9%89°0 €0£0°0 05900°0 osg91°0 61e99°O) 2479°0 Sf FUe70 HGeuTn 2 ” UIAUBEL r) 
0°0 0000°6- 0000°6- 0°0 C6C9°O0 0000°6- 0000°6- O0Lt°o €965°0 4960°0 ooturo Gotity ft 2 ovoubl A 
———wvg?-0— 8961-0 — 992070 — CEEOL 0 2 tO ST TT OT 
eL420°t 0000°6- 0000°6- 05€0°0 066u°2 0000°6- 0000°6- 0060°0 4€C0°t mdav°7o0 OgdUu°O0 NSsueN f 9 eU60uL a 
0000°6- 0000°6- 0000°4- 0000°6- 0000°6- 0000°e- 9000°6- 0000°6- 6422°0 0005°0 On0u°0 O9tNu 0 s realy ys a 


eernmeen - ecee maw comme woe soe eee ror eros ewe m ecw meer ewe mm we were nm em eee rr r= wwe www — — = www ew oo ww ew ew ew ew eer er 


$Gu3 wn Id wey 


VvOOO**{ QVO0",s v000°?1 

2CSu°t 7499%°0 S062°1 

se wvEtT-o =Yyosy°u UOStv'"U 

OLOT°O vese et gttoro 

“——— ESITO-V CSV" TtT ws00"70 

0-0 60000°4- 0°0 

od10°0 weeRee 4 900°0 

~  gyva-u W277 U GWIUNU 

' 0°0 «60000°6- 0°0 
~ 9£52°O O000°T 0060°0 

© 

ro S2OUT"U LIBO-T OT 70°U 
' 0°0 9900°6- 0°90 
t290°O «stas°t €200°0 
Oro =D0D0"H= DODU"R= 

0°00 Q000°6- 0°0 

9HL1°0 0000°4- 0000°4- 
~ —--g0bv-K~ BOGOR DO00-K- 

7160°O O0000°f 0420°0 

0°0 06000°6- o°0 

~~ Uda we ROD ~ROIS ~~ 


ed ad 


0000°% st 0000°sI 
£20s°t 7499°0 
Trz0°U — 52420 
€sto0°o ?ta2°o 
5r00°U Vaty-o 
0°0 6791"°0 
2200°0 1442°0 
VIN 145170 
0°0 #190°O 
0040°0 PEOTet 
3420" USUE"U 
0°0 Toast °O 
4700°0 A719°0 
v0 w712°U 
0°70 0Ht0°O 
0080°0 °062°0 
0000-H~ 7980-0 
04270°0 Sevl°a 
0°0 otet°o 
NV IW” val RB 
$s) 


On0d0D0e CECT D000 EI 
74 H7°U bAeH?O 
tyte"o 7410°U 
7Rtr°O GF HWI0°O 
y.tor-o tHOUTU 

0°0 0°0 
GRoseu stood 


GSIG7U = GWIUTU 


a7u7-o 1°00°O 

ee62°0O 0550°0 

7151°U) FA7T°U 

$679°0O 06F0°0 

stave O7T0°0 

O00" R= BOCA 
eo.t°oO 4¢700°0 

0000°6- 0000°6- 
707 -O &ZI0-U 

0099°0 00€0°0 

19$9S°U 00°00 

ROD RUIS 


0000°S1 
9212-0 
4A707-0 
?t4aro 
SI70-U 
0n20°0 
ae,70°O 
UsLU"O 
£210°0 
0,7270°0 
1Bt0°0 
6790°O 
0970°0 
voT0-o 
4970°0 
00g 1°O 
ryt or" 
00%0°0O 
1910°0O 


NVI 


O000% 44 
7496 °O 
WRIS °O 


gteg ca 


HYIGI"O 
toe ?°O 
wand? o 
BHU 
aero 
6469°0 


Q550°U 


960 °T 


W1Le°O 
AAW 
wa g0°O 
76 20°00 
noo00-K= 
9b 2°O 
1ait°o 


nag We 


vnnvo'E t 


06462 °O 


WNT -o 


orts*o 


791G°O 


v0000°h>- 


o-u 


sa747T 


2nd 


GOOG 


12>u°O 


1499°90 


WEE TW 


2900°O 


N0002°9 


vo0ourTn= 


H1GG°O 


grit °O 


AU 


—-eee er we — er wee ee He re teem 


a000eET ENbUTeT aN 
wlysrt CHIH SE! Ai) 
ywIsuen Rae ANTS 
HOE UT OM Fyrnrn NU dhe 
BEAU IN UT chet ae OT 
Qtr O gHeurn F&F Yu 
Q0007H- OHO" O 6 1 
Cloud: | ath T) Githcat ences a 
wO71"O qwguru $ a 
e7e@turn Ho, oro ? * 
Bauueu yyy t 
ANAITO NHATA é 
fe lu-0 dae (hos) wit 6 
yono-w wy fT ¥ 
eo0u07n Oru  & ? 
004070 O5070 4 é 
VOHNO-R™ ONVI-e” f v 
29tora oogure 7 Ss 
e710 FELT 6 ‘ 
AULS Wy jz Wea wy 
» DWH 


Tt0THL 
UlA0b4d 
ic BUod 
UcWUG!] 
overet 
eURved 
AUGIET 
(UWV6d 


Piar MUr | 


TUL ORT 


Levled 
SIAU&L 
Tin0wl 
od Hw 
Beds 


qivy 


) 
2 


~~ 


Oh 


“—~“puuurzr vvv0ry— vuou'y “OV00TeT” ~~ VNNU" ZT VONU-Y VONU-y ~-OUUUT ZT ~~ “UOT eT -vOvOT YT NONOTYT MONT ~~ oo a 


wee9°t vll9°o o22tet corcct 2ate°t Se29°u ¢6f1°0 = 9RN9°0 O19S°U B2es°0 T1990) Leetro 
$2444°O 281S°0 SHto°o €S970°0 H292°1 9fe2°O 9R10°0 0990°0 O71 TO Cewe9O Meh Uso Meth 
~~ Wise" TL99°UBzZt0°U™ ~yzr0°0 ~ ~~ Ssrtor Tr 90G9°U TGZU"U OTRUTU =O WUD IGG OG24n-0 CSz70-n 
9201°O 4699°O 6500°0 0600°0 9€f2°0 291C°O0 €900°0 00.0°0 62GI°U OeHd’O EFOUTU AIiuse 
Uru 0000-B5" —o-0-— o-0-—— BU9e°O  TI0r- 0 «THtO-"U-—NOzZ0°U WEG ToT Wert TP Ron --OnrTen 
0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°4- Orl2°0 GPEV°OD YETUTN wteuth 
9810°O O0800°t O200°0 0200°0 0062°0 4999°0 0020°0 o20f0°0 OTR °O BrA2°O) BETO Pees 


VOUU"G= VOUN~S= VUNU~S= VODU-5=— UC0U"6™= DODU"S* DN00°S= ONVN' R= — —G¥zG-0 “UINR’ DT VNU TT ANG Te 


69S1°O O€€4°t 0290°0 C»20°0 T1@S°O 6296°0 €690°0@ §490°0 09G61°O 3 FORSTU eReUeTO Uf y0°0 

1969°2 0000°6- 0000°4- Ziztco CC@0°Y 0000°6- 0000°6- 0092°0 G96L°O =2EOHTO GaeUedO FHRUe 
3 “T¥89°0” 9692°0  E2T0°D ~vOoSU°u Vu2r-0 Ort’ U  Seturu: ttr0°0 THOV°"O TsUS°U FANDTU Ttener 
6°0 0000°4- v°0 0°90 STLT°O 9R9F°O O5f0°0 Os500°0 460%°0 €%59°0 H9NI°O FEYteH 
0°0 0000°e- 0000°6- 0°0 4567°0 0000°6- 00N0°H=- 0090°0 U4€2°0 =BGIS°O) KANOUeO Thaw tu 

~ QOUC~S= VOU0"S* VOUUS= DOU0-S2 —— oDDU-S= DUUU"6* VUNU"S™ OUUU'R= —Ty99°} BIGH°U AIROTN Trot 

A4SC0°O 4982°0 OO010°O osc0°0 9919°O ¢4990°O O0010°09 O0G1°0 6549°0 LUL9°O TGUeO) ASTIcu 

Cvet°o (0000°%- 0000°6- 00C0°0 7469°0 9000°6- 0000°6- 0021°0 40G7°N eée2°0 ON2U°D0 UMAU*E 


‘ 


~— TWIST SST Tl BUlU- 0 1920-0 81-0 OM re ote THST°U HIG" U ONs0"N NAR T 


S6%79°t 0000°6- 0000°a- 05%0°0 2C7S°C 0000°6- 0000°a- O0f°0 OT@iet woEd°O ASIO°H aSgeU 
0000°6- 0000°6- 0000°6- 0000°6- ©000°6- G000°%- 0000°6- 0000°4- O9t4°O O462°9 B2tu°n HOSN OU 
~~ O80 RW KO RUIS RVR aT RD AVIS WV War AR ROD ATS 


$Su9 wn Va wien 


OA TT A A | 


AQ) 
AQIS 
a Fee 
& @ echoed L] 
Jo 5,  fakewOSl- a8 oa 
“ t ecWlol a 
¢ S Lindos a 


Uy e: gubelel bk 
9 Ol 9cL0GL Aa 


( 9 Urv0od a 


oe emer ewe 4 LY Gan | eerie 


é Q 129064 a 
{ t OvvNGd a 
LL SY AT OTL GEN “f AameetRe on incommmerme 
é x / Uleved a 
{ é 6V6UHL a 


eer gee |' \') (es een 


t 9 2uavud a 
i) ® eulwd a 

Ne J 
Th) 


LDS. 


0000°%{ 0000°9 
VEIEST 69146°0 
GIET°uU =UeTHeO 


B9ET°O Teeoet 


0000701 9000" 
Onvort asol’e 
* 

BsZU-o BVO 


6%720°O $sf0°O 


GEU9O0 Wret~t vero-o0 rH70To 


0°0 0000°6- 0°0 0°0 
will*?O ve@2e°2 €060°0 #110°0 
Giotro pyeg*t =etyvoru: = vuyn” 
0°0 0000°6- 0°0 0°0 
gtzteo 900070 0000°0 «210°0 
Llet2°O tereet Treerv stv 
Ovet?O Odes*t 9490°O GL20°90 
Q0°0 60000°6- u°d 0°90 
UU UUNOTe= VOUU-A= “OD” 
ow10°O 0000°H- D000°H- 0020°0 
1699°0 0000°- 0000°6- O00F°O 
—~ ——quuu-H* VOUT" G= TOOU"H= DVN 5" 
Z21€0°O 0000°H- 0000°H- 0R00°0 
0°0 0000°6- 0°o 0°O 
— CaO WW ROD ATIS) NVI 
bpsb2. anan-t — 3845-5 


ee ee 


0000-1 
2279°0 
w7i2°0 


4Ato°O 


T7ty°U 
S74t °O 
0649%°0 
Vuse"0 
“"1OT°O 
06%G°0 
Boyt -0 
*ate7°o 
aarart 
TOSS "UV 
1490°O 
9166°0 
~ Tret7 9 
altro 
€e92°0 


UdaU NW 


ovoos TT O000°TT 


gV1QA°VU TeHg7O0 
4.79°D VOoro 
27H29°0 74a60°O 
sleweu Hea 
weoTeu 49700°0 
260071 Te4ord 
117B°U = KTIO-V 
419%°0 G6210°0 
7000°Q 0000°0 
a70T et Te9N'TU 
7OL2°t 99%0°O 
7079°U 1€€0°0 
DvOUU-B™ VUNU- A= 
O0U0"H- 0000°H- 
0000°6- 0000°4- 
WwYy"T FENN 
0000°6- 0000°- 
“00u0°YeY 0000°0 
RUT ATTIS 


ON0N0'SI 
Rent’? t 


70n0°O 


G74U'U 
$640°0 
g4110°0O 
u710°0 
1920°0 
00%0°0 
7ILU"U 
g.c0°70 
0740°0 
v070-U 
0050°0 
0029°0 
DUGI-U 
008u°0O 


ouro°o 


“wv IW 


el 


boil V4 


0n00" +t 
Ar? 
WATHT 


4oeHn’o 


ame) 
49t7°O0 
GHEE T 
wtal’o 


aoe e rn 


toto 


v1Aa'-o 
anhivs 
24 6 tee © 
eager n 
G»gt*o 
DN0N~h= 
1194°0 
G1L49°0 


nay WA 


CUR) Ree ae | 


avg? a 


wuyy 9 


AEST? O 


Gtrwo 
0499°0 
Quod’ h- 
wnGgerv 
6692 °9 
HLEG~O 
uu07°U 
oro 
vou’ | 
ywyo°u 
N000°A=- 
qeee Oo 
THD" HRS 
gtl7era 
HhUGO 


AIT” 


annve 21 


NOOLT 4 teh 


PP ites 


Tier t hp Ge aq) 
weaun nun ewer ATITS 
Qaguta wegen Nv dee 
Netirem Wheto, oo ste 
queoeg FeECOre’ FC Q 
NHNUTE- HNPTTOU 6 { 
ono ry Nee v 
teenth aprnen t W 
avrfarn CIP hl @!’ a) 
Ven Ty Ween rd 
u°a oniary ” é 
Rees seul uf 6 
yaun7w sry7u Tr” iF 
NNNUTH- HVE fF \ 
VO*u'o ANAToO 1 2 
TON. = VUTT-R ¥ uv 
7670°0 negnru | S 
otour7a H9OTTH € 6 
RUTS We TE Ke Ne 
“Jeu 


ttvter 
OILAOHE 
ced%od 
UZBUGL 
6uNN6L 
yuu0eel 
Z2UyUveT 
lugued 


s¢Lvel 


jTwrvst UT 


rc V0H"d 


tl AUws 


oc del 


wdQ0wd 


) 


3 


“wl OGM 


L4eto*t SE%G°0 SSztel 2209°1 6716°O G@02°0 O0920°t €%8e°0 2299°O «279890 SR29°T 20470 AUD 
CeZe°O Sl29°0 24620°0 S620°0 €499°0 6€42°U %»SC0°O 8t80°0 €2E9°V wES°O BNHl?U &26UeH aaas 
9200°9 0000°2 Of00°0 s000°0a 0292°O g255°O0 2g9t0°o 00C€0°0 6428°O 9046°I 9201°0 Cegern ¢ ] ocBlod A 


——— 6° 0__ 0000° 5 = 0" ore eit 6000-0 000 UL 0 STO GE 


0000°6- 0060°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 9tEC°u 2€29°0 96fu°o wfeu°d Oo ri ecu0od 


veSa°t €925°O NR2E°O 2 Ss 2te0o62 a 


0°0 0000°6- 0°0 0°0 6961°0 0006°O vOt0°o 0020°0 67S8°2 
0726°O at2t*t ese0°o s9z0°0 9705°t 2iseco O2tto o0ct*o 9202°0 45€6°0 Segu'0 N2R0°U » ut eevee 
0°0 0000°6- 0000°6- 0°0 2147°0 0000°6- 0000°6- 00c0°0 2mmo*t 9670°L 2imteo nsetru t 5 urwoL a 
0°0 0000°6- 0000°6- 0°0 SSB8E°O0 0000°6- 0000°6- 00% °0 foz2°0 2569°9 atyeso ceseeo to 2» CC ae 
0°0 0000°6- 0000°6- 0°0 682S°0 0000°6- 0000°6- 0010°0 Q@eEReU 02aS°0 Syyuth Folicv ft L puyol A 
@072°0 O1ge°0 0020°0 szso°0 0£25°0 14991°O 0020°0 oo2t°o IGE0°O telesO gmforh eygneu 2 9 vlolw: «A 
0°0 0000°6- 0000°6- 0°0 69997°0 08600°o- 9000°6- 00H0°0 06€S°0 6060°0 NOTue0 NHtIcu ff 2 ovovns A 
2999°0 0000°6- 0000°6- 0020°0 6946°2 0000°6- 0000°6- 00A0°0 Sequ’t 4s€2°0 tto°o vosor ft ” 2u60b2 ie 
9417°0O wOl2°o €90uU°O H0€0°O 0) s 2¢d80u4 a 


0000°6- 0000°6- 0000°6- 0000°6- 0000°e- 0000°6- 0000°6- 0000°6- 


——ya0- RW KOU Rr a TS 2 TS Ze ST 


$S3 


ee ee Te a eee eee ee ee ee ee ar EE aT EE, 


whe wIUH 


aU 


VO000°7{ 0000°, d000°TT 0000°1 vO0O*St QOUVO°Zt D000°2T O000°SI 00G0°Hm{ OvVOV°2T O0OVe2T PHNvU°A1 Ne 


ed2l°2 C%l7°0 9702" SHIS*l peze°t *0C9°0 SEe6°o aAseA’Oo 695%" 7804°0 65F%0°9 14464°0 Aud 


gg SE ET SFT TOIT TOIT TS 


tlterdo sess°et 6050°O0 (2€0°0 2097S°O0 2202°0 9950°0 £9720°0 9669°O «Lo6uS°O Stvu°O Sdeu°d iv dow 


Se a we wae a sls mines See Sate 6 ae See en SO Os Se SS OS SO Se SS SS Oe Oe Oe 8 


ee SM AE ee SHOP NSS AES SEES ERS SSeS OS SS 


0°0 0000°6- 0°0 0°0 9091°0 290%°OG 2R00°O 0020°0 6LTe°O zvaoet SHOt°oO voot°o e€& % blodee 2 
4120°O »e2e°2 €900°0 2200°0 €€29°0 CEryz°v 1990°0 6880°0 GEEB°O 0000°6- 0000°%6- 10"¢°0 6 if £68062 2) 
97S90°O e7ivet 2et0°d0 seto°d 9961°O 4090°L %290°G 00%70°0 e91e°0 2222°0 ss7u°0 S¢gu°0 € 8 _6ueved 2 
2€09°2 458°0 O00SI°O0 oszt°0 9€90°C Evl2°0 ONST°O DOT2°0 S027°0 «6161590 ORtursd MSGFUcU 2 ” yug0od 2 


eg TSO SFT TST EE UST UST UBB 


€90S°0 (2e2°t 9etT°Oa 0060°0 40L5°0 96rS°l QRETSO 0060°0 *160°O 9°90 v°O OOlueu 2 {veboe = 


0°0 0000°6- 0°0 0°0 499C°O 9722°H SSTO°d 0020°0 o222° SSelet 9STI°O svev°do Ot € 5¢L062 3 


0°0 0000°6- 0000°6- 0°0 A9¥0°0 0000°6= 0000°6- 9060°0 CLET°O 0000°6= DOO0UHS= HOLI°® $f 1 te90eL 3 


1920°O 0000°6- 0000°6- 0S€0°0 6292°0 00u0°e- 0000°6- 0021°0 QA0TeO @ehS0°0 0900°H AsHuen f é Sl60ud 3 


2509°0 999670 00SI°0 Ozst°O = FS6S°O EMlL°O OOSI*O OL2°0 gogo 20€9°0 yoru-o ausuen 2 S$ _ pewOwe =D 


0°O 0000°6- 0°0 0°0 S€ol°O0 o202°0 2700°0 f£20°0 ecze°0 S6Su°O weaved Fetteu € € ecs0ee 2 


$Sx3 white won 


pe ie 


108 - 


49ee°U Qloe’O Ofve°t 9eEcl 651L°O o7H°o 9e@le°o 6 6ECTIS°0 2909°0 O156°0 eral’t veeern Ao) i 


2691°O 72€9°0 ge2zicro ¢2to°o 0622°O attero 221070 2120°0 7062°0 OUwokE°0 S22u°0 Ze {ue AGLS 
ef€fS°O scoe*t teeoro 120°0 €€6L°0 2026°0 06t0°0 72%70°0 2L1E°O 650¢2°0 gr0V°0 e209 r) bduvod A 
0000°6- 0000°6=- 3000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 1€S6°0 St60°lt "92u°o LHLL°0 O L c2huoe A 
COlyv*O (9B8l°O0 §200°0 €00°0 SS90°T 6£€20°0 $200°0 “Stoto 14S6%°0 6026°0 4Su°C atyuen 2 S Llevog a 
0000°0 0°0 0°O0 0000°0 Q@z€%7°O0 6000°9 0000° 00%70°0 00Cc7° e0v0°O 0000" OOvu7u 7 otf  metvoe 8. 
2920°0 0000°6- 0000°6- 2100°0 2829°0 68000°6- 0000°6- 0070°0 104S6°O 2260°0 zeourd fFHEuee ff ) uryUed a 
6000°0 O000°1 g000°0 8000°0 6990°0 Tifttev 0500°0 0S"0°0 660T°0 uls2°0 T2luee FAyUeH 2 %e l<90et =O Me 
0000°0 0000°6- 9000°6- 0000°0 SOEE°O 0000°e- 0000°6- 0070°0 02Z4£°0 £000°H YUOLVIO AHNenen 4 R ousled A 
71560°0 6061°t 6810°O s8st0°d 6BS1°O 16€%°D 6f10°0 €£%70°0 6291°O cREegen Zotued Sedb°n € % Ul6UNL A 
0°0 0000°6= 0000°6- 0°0 19S0°O 0000°6- 0000*6- 0010°0 o1te’O ECCEE°O OSTV°O GSrneu ft 2 OvOUnl a 
0°0 0000°6- 0000°6- 0°9 122€°O 0000°6- 0000°6- 0010°0 2T2U°R =4rste?t 9ncued HOKN eU ff ° evoveld A 
O000%H- O00U°S= HULA O if) acu0we a 


0000°6- 9000°6- G000°é- G000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 


——ya0-nH nO nos avg 00-0 rs a OTS eS 


Secaca rece oeroeseeoea 2e2e2oe2e2 


s$x3 WNIe pete? ks ht eee ; 


109¢ 


0000°2t 0000°S 0000°0{ 0000°21 QOOO°ET OOOOTIT O000°[T 0000°E1 OOOVTEL O000°2T OO0Ve2T NOUU°E! NN 


2622°t o€00°T 2ter*t S6e°t WE96°O O286°U €£958°O0 C2I7°0 1Teze@°0 1€%78°O Ome l 99L7°h AG2 


€o€0°0 tu9S°0 2to0°d €700°0 9L1E€°0 62eteo 200°0 2te0°d €992°0 2ese°o Ssoto°0 e620" Nu Qe 


ee ee ene ee Seem Se a aa ae = coe Sao aaa ta as oo = Soe i aa = oe an et ee 


€£20°0 $S99°O 6f00°0 9200°0 192t°O O€2t°o 6t00°0 EStoro m2tteO eSecro T0900 s2t0ee € %  viAdes oy f 
9820°0 61S95°0 7200°0 »€f0°0 SLEL°O O@zeev 9900°0 2220°0 L7€0°O O00U0%S- OV0U°6= HOTV°O 1 LcQved 7 

0°0 0000°6- 0°0 0°0 LELO°O 126° 0900°0 On10°0 Z2091°0 Sse%°0 6Etoro O2Eeney 2 & ovwvoc 2 
49€2°0 0°0 0°0 €210°0 06%7S°0 2000°0 0000°0 00%0°0 iAge’O «ovAseeO «Eztoro «220° 2 * yugded p) 


0000°0 0005°0 0000°0 0000°0 S0t2°0 6190°0 7200°0 e9f0°0 7S9£°0 1000°0 0000" Gunv70 S 2 lveved 3 


0000°0 cfEE°Oa 0000°0 0000°0 7169°O0 6920°0 0£€00°0 06€0°0 €692°0 6000U°O 0000°0 O050°0 vt € scLlod 3 


0000°0 0°0 v°0 0000°0 6920°0 6000°Q9 0000°0 0070°0 7720°0 .00U°0 0000°0 0090°G £ 2 = Eev00e ~) 


0000°6=- 0000°6- 000U°6- 0000°6- 0000°6- 0000°%o- 0000°6- 0000°6- 0000%H- VO0Ueb- OUVDOU%S= HDUU°6- 0 0 Sl6Ued 3) 


0°0 0000°6- 0000°6- 0°0 0910°0 0000°6- 0000°6- 0020°0 wtetso 2A0%0 2Aoued N020°0 tf € e¢vwe _ 9 


0000°6= 0000°6= 0000°6=- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- ™261°0 0005°0 o0010°0 oo2v°c 9 é BcBVGe ») 


ssx3 wnid wave 


Ce eee ee eg hia 


110¢ 


ascee°t L2eesed0 Siv9°0 e22°0 GrtO°t 640S6°G 2229°0 SE6S°0 T129°0 T1900 959%76°0 O5956°h 


28€9°U 610%7°0 €220°0 %7620°0 8969°0 @2t2°O 24220°0 64%70°0 ta22°0 Y10E°O0 setuv°d O%2u*u Agis 


—_S9strru_49Ssr-u LHtueU SUy0-U BELLI U0 SHUN U0 CIN U0 CRUBU UTE GEO ORTU OCG 


@=2o 
@scecrmeroe en orm asemoese me emo coewo aoe owe mm arom oce seem wmowr ar eee seem memo eoem mee eee me HK eee we Bee He eB www wD woe Oe et ew ewe ew eee mmo ere em eT eT SOT TSF See 


6812°0 989%7°0 “4etordo 2620°0 8960°O0 267£°O Zeloro 26£0°0 Oc2teh tAse°O e~Lz0ued0 NOTGeu ¢ 9 ocB06L a] 


2886°0 0S27°0 S800°0 0020°0 7BBT°O 9S1TT°O S900°0 Sti0°o 4909°0 6¢S¥°0 H7€0°0 SESNeN ¢ ¥ ecwl06L a 


98€S°O O0000°T 82S6°O g2Sg0°0 4£0697°t €€iv°v 0290°0 O00Sf*'0 21S9°0 =6929°0 esgu°eN E4KUeH 2 y LbeOoe A 


az22°0 «¢229°t 2e20°0 wz10°0 €648°0 90%2°0 Ss€0°0 0050°0 220%°0 0e6°O “Lefuen cerv°d a Ot 721002 a 


0°0 0000°6- 0000°6- 0°0 6612°O 0000°6- 0000°6- O»10°0 Ols2°u g220°G 9100°O0 OTeuryu f € UL 9062 A 


@020°9 7728°0 Se@70°0 88S50°0 9tlt°o €4296°0 Se70°O0 $SA0°0 4290°0 =S2UE°O 2Adv°O evyeuvrv 2 9 [e90od a 


0612°0 0000°6- 0000°H- $920°0 109€°0 0000°6- 0000°%6- 049%0°0 QLLI°O 22nk°O S200°0 SAlvey c) ovy0ol A 


0019770 [045°0 {1z0°0 en2zt-o Se7L°0 629C°U [TL0°0 Oyat*o Ig92m°u 00970 OFmueo 2tuu'o € % vledve * 

CB2E°0 0000°6- 0000°6- 5950°0 9169°0 0000°e~ 0000°6- OAtI*0 G2ie°0 u2tLtO Se7v'0 ce2ontu [ 2 ovolee = & 
2508-0 — Ste 0 — 200 SSE SOL HOTTEST BUT 

9E9L°T 0000°6- 0000°6- 87S0°9 7206°2 0000°6- 0000°6- 0180°0 TA0S6°0 =©€907°0 [TEIG°O eecu'o lee” CVOUbL a 

——- 0000°6= 0000°6- 0000°6- 0000°6- 0000°6- 0000°e- 0000°6= 000U°6- tis2°u lole°oO Eturo e2uzueu v Ss Levu A 
——pa0- RA KOT sg TS aR OTS OS 

a4 


ae ir ee ee 


at (a 


Q000°e{ O000°OL OOCO°II 2000°%| 0000°S! 0000°2! C000°21 0000°CT 0000°s{ DO00°OT D000°OT CEag°rl NN 
7€28°O LolE*O 2tde°do “soll 12€9°0 994€°O Omee°0 7689°0 6099°0 020S°0 E€R9U°T &£%HS°O Ao? 


2602°0 O0000°T E€1€0°O T2€0°0 O62c°O 18€9°0 2EE0°O 6670°0 26€1°0 2766°0 sstueo €220°0 NV an 


ee go ae lear an enon ae a a OOS do a OS OO ee nin Oe ee OO SOROS SOO SEES SEPP SCORSESE SONOS DER H Res a See as =a eens See we were ncn ee awe ee Keer sent escaee 


T€2E°O [¥6e°O 4OS10°O 000°0 2%€5°O S2%2°0 6510°O 21690°0 ca22°0 22u9°0 Teturd 4S20°0 € 9 Vt606d © 2 


69S5€°OQ BvOT°t %990°0 1890°0 ELIS°O e242°9 1990°0 eC80°d €060°0 O0000°6- 000V°6— GY20°O 6 { deBUoL 2 


0°0 0000°6-  0°0 0°0 EL0T°0 1954°0 SSto*d $020°0 gogt°O e2tz*O or2u°0 #sev"o 2 6  ovever 9 


91g2°0 8S19°O Ssi0°d d6t0°0 %6€7°0 2806°0 SSt0°0 soco°d Bivleu tvez2so zeHued Ssiftveu 2 7 9¥@062L 2) 


Tg92f°o Orstet 6610°O 22zt0°0 2982°0 O»n9°0 ORz0°0 O170°0 9€22°0 2994°0 Sezued setu°n 4 2 vedec 2. 


296€°0 €126°O @810°O f£610°0 9€%97°0 sesA°u eeto°a 0220°0 oAaz20°0  w2E9°H ztourdo 2200°0 Of t seL0oL 3 


GOT0°O 0000°b= 000U°6- 2990°0 6€20°O 0000°o- 0000°6- 0690°0 1e0V°0 O00UV%S- D00U%H— GOTU"N 1 { tevvod 3 


9990°@ 0000°6- 0000°6- 0020°0 €4Z21°O 0000°%6- 0000°@- 0250°0 GAO =ON00°%H- DOOUce= HLev°o if 5leuGd 2 


29S50°O 0000°L 6E10°0 s€t0r0 S061°0 605° 0420°0 0£50°0 L2s2°0 2feuel tusueo 229070 2 S  e¢@0ee 
AS2U°O 0000°L LEtO"O sEtorO ™2£2°0 6945°0 0S10°0 0920°0 6990°0 {1tt°o stouro setuev 2 2 weHee = 9 


eSeen2ereeres* eceeoeoosoeceeew eo er eeeor® eaeeeceeoraer eee 2 ence aceceon eer oeeor= eeeezoetar ema e ee sear ee rane sore” 


Ssx3 alia waw4 


- blas 


70S6°0 €467°0 6856°0 6856°0 6SSu°0 2655°0 9256°0 279°0 


2969°0 956S°0 9028" = S7ls*h AN) 


2tet°o0 sese2°0 t%20°0 2€20°0 1961°O 9562°U [%20°0 9€20°0 S»20°O c€ec°eo 2tou"n st00°0 Agis 


a9 2-0 98S 0S 0 SST SESS 


eee ee eee a See ae Seale Soe See Sa ses aaa meee eee nee een aeia ee as Sane e MSH SSeS SSS HESS SSF eee Seer rae oe et ee 


9282°0 006%°0 9600°0 s6t0°0 260€°0 v6t7°0 9600°0 8120°0 22e0°o0 


G6cSB°O et0u°0 2200°0 SS c) 6cBUGd a 


yer 0 0 28S TTT TOOTS IL 


2428°0 Of@2°0 6990°0 I€e0°0 69£5°0 7092°0 #9790°0 €SAh0°O 9720°0 €2969°0 Sltou°v0 e2200°9 € ¥ ecuUbd a 


9S99°0 “Octo O2t6°do 270°0 6749°O %9fC°U O210°0 070° 6l2u°0. s292°0 .ouvedo Heu0"0 2 9 Liv0od i) 


19€2°0 $929°0 [TE10°O %7610°0 00L2°0 €£HS5°0 TEt0°O S220°0 zceo°o 


1626°09 g9f00°0 t£u0°U 9 Ol 92LV6L a 
S8L0°O 0000°6- 0000°6- 0500°0 6601°0 0000°6- 0000°6- 0200°0 1220°0 2907°0 g000°0 0200°U 


{ € uUrgned a 


70y0°0 el20°L 6790°0 seg0°0 $990°0 9€496°0 6990°0 €290°0 »A00°O 66°79 F20U°0 revO'O € % les0od ty 


9€600°0 122€°0 G900°0 2oto°o Bcti°O “2zvE°o O00°0 oet0°0 


61090 UEC eH 100us0 220ucv 2 W ov4vol a 


41€0°O 20tZ2°0 9100°0 98200°0 2950°0 9911°U 9100°O O»10°0 HSev°o VAflt*t A20u°0 29u0ru € ” vlevee a 
6990°0 0000°6- 0000°6- 0y00°0 1850°O 0000°e- 0000°6- 0010°0 160U°0 v00S°O UtOv°0 wLzouru ft 2 OU60GL a 
£102°O0 0000°6- 0000°6- €900°0 6692°0 0000°6= 0000°6- 0600°0 g1g0°0 Choy°o of00°O Lev0rn { 9 CvbU—L A 
0000°6- 00C0°6- 0000°6- 0000°6- 0000°6- OUU0°S- 0000°6> 0OU0°6&- 9E10°U €tvo°od 000u°0 oTau°o 0 Ss. adeulwud a 


$Sx3 wnid 


w)0u 
n3 


113 - 


0000°%t OOOOTIT O000°TT 0000°%T OVOU'SI OOVOeZI OOOO°2t 0000°SI Q000ert VOOUTII OOOUTTT GONH WI NN 


62498°0 799%7°0 OS70°t 1156°0 eE2u°O 16¢9°O weltct cor8°0 2904°0 279S°U E76H°O bOLY°U AO? 

usut?o f€26°O t2e0°O 1920°0 ze02°0 A99z°O @620°O 0820°0 7120°0 €.9S°0 $20u°0 ov00°O NU 30 i eae 
cep ebncnssenFo-ereeeg <n Weare Ee ETE ENE ee Oe 

291€°0 26l°0 €200°0 (8€0°0 16z£°0 Sevl°O €200°0 26e0°0 gotu°o evl€°O $000°0 gtoueo he __¥be06L 2 

119%°0 Coee*t EL0T°O 9%20°0 2e27°0 968e°T SL0T°O €220°0 9010°0 0000°6- 0U0U°A- O€QvueUu & 1 LEQU6L 3 


67€0°0 0000°t 24900°0 2900°6 1270°0 6@¥b°0 0900°0 0600°0 0,00 99070 Stoveu eEOo*y 2 6. evade =D 
t210°0 0009°0 s000°0 9000°0 2920°0 6060°0 $000°0 $500°0 L2so°v 92e0°t @700°O = “zruued 2 9 yuylol 3 
gS20°0 €26e°0 azttoro tetoro 9701°0 27499°0 “Zitoro 9210°0 12€0°9 ceee*o stov° g70ue0 S 2  —-1ue0od 5) 


L99€°O glIs*t 2620°0 14910°O £007°0 o6r€°t 2620°0 2810°0 _gefu20 €e07°0 wnoveo o200°0 Ot € SeLUoL 2) 


9000°O 0V000°6= 0000°6- $100°0 £100°0 0000%o= 0000%6- 0fv0°O wtooro Efee’a SooveO Stour ft 2 keyed 2 


9720°0 0000°6- 0000°6- O110°0 1670°0 0000°%6- 0000°6- 0220°0 met0°0 O0U0°H= DOOU°S= OT19°O fT 1 5 160bd 2) 


g42t°0 Ofe4e0 OS20°0 20rd 2est°0 2G65°0 os20°0 02%0°0 225070 e0ort azooro mzoory @ _S | edBuHL = 9 


T92t°O E71z°O GOTO°O Ovt0°d Loct?o 2999°9 O0TO°O O0S10°0 1900°0 u°o v°O olou°G 2 é webu. ) 


$sx3 wntd — a Da >) 1 sk een — 


Peiebesntete see ie ee i re 


-114 - 


Cleo°rt esd 2260°t CrEetrt 0286°0 €26%°O ARHeort P9EO't 1$9%°0 0906°0 4090°1 9%92°0 AQ) 


7860°0 245992°0 27f0°O 9%10°0 6660°O0 “22v2°uv 9"10°0 27t0°0d ™200°U 2tf€°o0 gQuaouU'n EVO0"V AULS 


t@momor ee wre meee ee ee oe wee wow owe oe eee eee ew ee owe eco wom ee eee e we cow wee eee ew wee oe eee oe ee wee te te ee mee Sete ee RP ee RK MOT SOM eS TOOT See Oe eee 


0260°0 se@z2°0 (700°0 €500°0 @L01°O 00%9°O 2900°0 9900°0 7920°0 2905°0 2.000°0 wt0Uu°m 8 ocB0oe ( 


€Ovl°O0 §$909°0 67f0°0 $%20°0 IS7l°O 6645°U 47f0°0 24520°0 7210°0 O%62°0 £€000° Tl00°u € g ec6uUed a 


677€°O 2086°0 S020°0 £5€0°0 0zse°o 9195°0 S$020°0 s9€0°0 €Q00°O0 »6lE°O 200°0 2t00°0 2 9 Llevoe A 


6LET°O 0265°0 7900°0 201[0°0 86S1°O »*€0S6°0 7900°0 s42t0°0 7Zz10°0 2talet v7200°0 0200°0 aw Gt 72L004 A 


0°0 0000°6- 0000°6- 0°0 4S10°O 0000°e- 0000°6- 0(00°0 #920°0 2459S°0 ofdu°o s100°0 { € UryUoL A 
4-900 B= = = 

4790°0 2t@6°0 €0S0°0 2150°0 9490°0 26%76°0 €050°0 0€S50°0 7700°O wr2t°O ~4o0du'd HTO0V y (cyU6d a 

0670°0 6060°0 $000°0 s500°0 6250°0 €940°O0 SN00°0 s900°0 ~600°O0 ztuoem O000u°0 wtouen 2 c] ovyvhod a 


4210°O @t6e°od 2100°9 2€00°0 9810°O €2y2°0 2100°0 24700°0 0R00°O C€E£E°O0 S00v°0 sluv’o €£ ” vie0wl A 
%210°0 0000°6- 0000°6- 0¢€00°0 2€20°O0 0000°6- 0000°6- 0%700°0 0S00°0 0°0 v°o ofv0°o f{ 2 ol60bd a 
9950°0 0000°6=- 0000°6= gf{00°0 9960°0 0000°6- 0000°e- 0£00°0 20€0°0 797€°O 7000°0 2t00°0 | % ev60ul a 


0000°6- 0000°6=- 0000°6- 0000°6- 0000°6- COV0°S= 9000°6- D0UU°4- QETU°H E€100°O o000°o Of00°v s 2cu0ud A 
: In —_0g0 na 20D AUIS _ RV IWOOT NR ROD ORT KY Wt Lt fo) PI sIvu 3 


eS®eecaroceocrnareoaor es ecoeeaeeoaoeo= Seer eevee aoreecaecoreneeeeo2eao2oe=2 eeaerocecaerteoaeoc aco w oe ereeeeoo eee ee= 


$6Su3 whid »JoH 
, TN 


- 115 - 


0000°r{ GOOOTTI OOOO 2000°%T QO0OO’SI OOLVO°2T D000°2T 0000°ST 0000°st vooostt O0due TL O00G°*I NA 


1766°0 2SS£°0 9926°0 [616°0 6%S56°O 4€2€°O 9086°0 8228°0 @268°0 9099°0 O1S4°0 “eoteru and 


yg 9020 TTS 


9001°O ot?t 9810°O0 Ev10°0 ELOL°O C1S6°0 w2t0°0 § 1510°0 TS610°O0 eter7°0 Of00°0 9{00° Lil Sa 


etek ge Tt pr eae rT ae ee eee ST 


pg SE 00 OE OTE TTT OTTO 


56S2°0 »499°O 1920°0 70€0°0 m242°0 €S19°X 920°0 02¢0°0 2110°0. 0999°0 of00°0 stvuro et _- vloved J 


0€22°0 290S°t 6590°O e€%70°0 1642°O 922%°t 6990°0 89970°0 GE00°0 V00LV°6— 0000°6= HTOU°U 6 if LeB0od 3 


64970°G 0900°T 2600°0 2600°0 69750°0 8706°0 S600°0 s0i0°0 6200°0 2459S°0 6000°0 “ztuoru 2 6 ovegued 2 


10C0°O 0000°% 9200°0 0200°0 71S0°O €%12°O S$200°0 St00°0 £%20°0 7228°O 2100°0 Heun°u 2 % yURBUGEL 2 


6€20°0 stse°d %€00°O 0400°0 E000 21b9°0 %€00°0 0500°0 1600°0 veu veo otworu S 2 wWweeee 2 
ESII°O 2006°% 9600°0 og00°0 meel°O 12SS°l H#H00°d £900°0 E1g0°O 459570 6v00v'O zlouvro vt £ seeded 3 
7000°0 0000°6- 000U°6- 0100°0 6000°0 0000%e- 0000°6- 0200°0 £000°0 070 veo ofovto ¢ 82 Cevdee = 9 
2090°0 0000°6= 0000°6- CHI10°0 4%%0°0 0000°6- 0000°6- 0020°0 9200°0 0U00'S- OOHUce- N200°0 tf Ft slevee 9 


tw 
a) 


eceoee = 9 


9160°O0 $740°0 0€20°0 9¢€20°0 6660°0 S7ve°u 0£20°0 9920°0 OL10°0 g@tze°o C20vu°d0 7200°U 
weBUGs 3 


“ 
% 


Slc0°o €vtsz°0 $200°0 s€00°0 20%0°0 9655°u $200°C S700°0 1900°O 0° v°Q Ofdueu 


SS SSCS 88 CD SSSeSSeS FSG 2Sore2 Seeanesvesoasaces Saeco ooro2 2 2ee2e2 weaeceaceceosc reer ooeeooere2e2e2ee"""° 


$$x3 ne it wIvA : Sas le 


a DE PL SEATED ELLE LETT IAT  A A aeT 


See Ole 


S986°0 2€%°0 sste°0 0208°0 (€€2°O w€AS°O0 Se2R°0 916f°0 C7l7°O we2dS°O TrNG°t weyern AG 


4890°0 €792°0 %59600°0 %900°0 6SII°O 99S61°0 75600°0 1800°0 1260°0 s021°O0 {[€00°0 %%700°0 AGIS 
—~toIou CI6S"U SIUV'U UBUU'U —“UpST°U SUIZ'U So0U'U YJueu'u __irGS2vT'U Grec-uU ITkvv'U e200  °iz.0nvjn0U0U™UOUOUOUUU 


SOS OT SC SS HOOF SSS SS TSODe er 222 Ges eZee eee Geet eer 2 ee etree Pee eee ee O82 SOC SSS OS SOO SOMO fl OOS ES TOBE O OO OOS BOOT fT OS SE ST TOS TOOTS OOOO TOO SOS 


@7S50°0 91e87°0 9200°0 %500°0 eszt°dO 2s9T°0 9200°0 95910°0 S4a70°O €or" GSfo0°n eutv°o 9 ocdU6ed a 


——S0st-0—_Tt66S-°0__Bu00 "0 zr ¥T0° 0 —_ ft 0 UL Ut 0 eRUU-U_UB20- 0 _ Bez teru_ frst so _Zenu- ur vt0-u0 _s 9 C2uuer 
66tued 29270 0200°0 §9200°0 Tl70°0 «O0S2t°0 6200°0 0910°0 2€60°UV 222€°0 “220u°0 cHnueh 2 fs ceuloe a 
T2st°O 9819°0 0010°0 2910°0 OC9E°O Als2°O O0010°O 09€0°0 %ES1°O 75E2°0 “270U°0 KHlU°0 2 ¥ Levee a 


4720°O0 991T°t 9€00°0 2€00°0 4€tlea sSOse°v 0700°0 sittorod €t6d0so wAZT°O 910U°0 24s00°H & Ol 9¢2L00d a 


‘0°0 0000°6- 0000°6- 0°0 CISZ°0 0000°6- 0000°6- 0910°0 724t°0 aseieo f200°0 EXTO°N $ [ € uUrsvued A 


7420°0 2918°0 sel0°o 2220°0 @4€0°O 229°0 Sel0°d0 S620°0 6St0°0 2951°O {Tl00°o P9g0°H 2 S tey0od a 


6vxVoL « 


~ 
1 


S910°0 0000°6=- 0000°6- 0200°0 LSTT°Q 0000°e- 0000°6- 0710°0 HAO0T°O T2VT°O VS10V°O O2ty*u 


@290°0 9952°0 6€00°0 esfo°d Z4L201°O 2vvt°O 6F00°O0 4920°0 6290°0 Eezt°O T2NV°O Siluryw €£ ° vtodwud - 
9690°0 0000°6- 0000°6- $800°0 6421°O 0000°6- 0000°6- 0220°0 279u°0 €ASG2°O sedu°od csEetcrr f é ovoUud ~ 
SIT 0-0 SLT 0 2 200° 0 S00 TST 0 CEE EU TO CCT 
9890°0 0000°6- 0000°6- 4200°0 S98C°O 0000°6- 0000°6- 0210°0 @2%1°O 2972°0 E€200°0 FHd0°O f{ 2 ev6uue 8 & 


0600°6- OV00°E= 0000*6- 0000°6- 0000°6- 0000°e- 0000°6- 0000°6- L721°O y092°0 gz0u"0 OO1Uv°O 0 S ecB0bd a 
. 6 
——Uau- RR AOS ROIS RVR RR ODS OT ROSS ONS 


$Sx3 white B20 


Su 


0000°71 G000°01 0000°TL 9000°%! 0000°St 0000°2T O000°2t 0000°ST 0000°rt G0OOTOT VOOV°OT HO0U°! NN 
90€6°O yS67°O0 2660°t 2990°1 6266°0 O0O7°0 Bslic! eaus°d op2tet tve770 0299°0 4OLS°% AUD 
anes yang vee u seer 0 To0 da sorry —— seu a O 


49970°0 9998°0 4500°0 7500°0 B001°O R6ee°o Ss00°O 46010°0 "Eesuen 2622°0 2touvrd ss00°u NV ik 


eet oo Saak o, ean Oo. BOSAL SOO Sm, NRE Re a 3 seer an een ee eee ee awa antee 


e€70°O 402° ef00°0 €S00°0 T70T°O 2loz2°O B£00°O zcto°d 99560°O HOSI°O T10V°O ELvuUen EC i) vl6blod 3 


gr2t°o 4sgdet g922u°0 9020°0 L19T°O %299°0 9220°0 A920°0 90Z20°0 0000°6- DVOUeH= OGOO*U 6 { Leavvee =) 


0°0 0000°6- 0°0 0°90 gez0°o ltt*o s000°O $700°0 osz0°o wite°o Blouro scuurt 2 & 6UB06L =) 


0000°0 0°0 0°0 0000°0 2170°0 4000°0 0000°0 of00°0 queued «EeeerO «OT0070 of00"0 2 >  yve0ed ») 

1010°O S9t6°O 2t00°0 s100°0 L2€0°O0 fe92°0 Z2100°0 0500°0 90€0°0 oerl*G Snduen S£00° » 2 lusvod 2 

Su60°O f622°0 2e00°O 4700°0 1690°0 6027°0 4E00°O 1900°0 gsotto yese?oO «7tM0°M negoro ot EC beL6L P 
Seasercna sieve aerrsameraruse ferent fuer gs Seve e Srrere Seth 0 Me repays pate 


€100°0 0000°6= 0000°6- 0£00°0 2100°0 00U0°e- 0000°6- O700°0 9000°0 VvOUUeb=- VOOU°A= HLVU°U { réyvuod 


4900°O 0000°6- 0000°6- 0£00°0 9720°O 0000°6- 0000°6- OT10°0 S010°0 0000°6= NOOU°A= HyOV°D I t pl6Ued 2 


2210°9 0000°T %700°0 7700°0 7Z20°0 0009°0 S%700°0 5200°0 6120°0 779C° 6 2100°0— 2t00°0 2 Ss ocBled 3 


CGl0°O ou00°t O200°0 2200°0 9190°O0 zse2°o 0200°0 0200°0 Geeo°o 000270 Of00°uU ASOUeL 2 2 beBlGe 3 


Ssx3 wn id ¥yOvH 


eee eet ee nig ha gen ee 


Los 


U9ES*T 22€2°0 O29e°0 1Z0°t 7616°O 88€E°O 9529°0 290%°0 T0S"°0 wSe7°0 9G61h°0 Een AQD 


0060°O 9852°0 @200°0 s200°0 B2El°O 22e81°O0 €200°0 400°0 €990°O 2672°9 49NV°0 »409°9 AQIS 

9890°0 9£98°0 93900°0 4200°0 T97T°O %€29°O 2800°0 20°09 Test°O @01S°0 9500°0 K0f0°N g 6 oc8U6d a 
26S0°0 0000°T 0610°0 0610°0 9€20°0 4916°O0 0220°0 0%720°9 S$980°0 g69f€°0 OF00°0 Gh00°n 2 r) ceulod a 
2850°0 0000°t €900°0 £€900°0 4e12°O0 160%°0 0600°0 0220°0 COCO whud?O 6£90°0 cHINeN 2 S £18062 A 


4710°O O2€2°t 6€0U°0 €200°0 2671°O SE77°0 6900°0 Ssto°0 MELT°O SSS7°0 2e00°0 KLTueU) 9 | 7eLUoL =A 


0°G 0600°6- 0000°6- 0°0 2%760°0 0000°6- 0000°6- 0900°0 4St2°O £406°0 vE20U°0 F4A20°0 |{ € Ur_S0o2 A 


6900°0 0000°t 1900°0 1900°0 7620°0 E€EECE°U 0200°O O120°0 Ez€V°O €€99°O E4NO°U REtUcU 2 S) (29002 © a 


0°0 0000°6- 0000°6- 0°0 1990°0 0000°6= 0000°6=- OWVv0°DO 2901°O 20G%°0 45NuUTN LEIO*O $ | e 6us0oL A 


O£00°O CBO2*T O100°O y000°0 1680°O {[StI7°u O4600°0 2120°0 S66U°0 9f88°0 9€2U°0 “reuru € ° vloUwe a 


0°0 0000°6- 0000°6- 0°0 %860°0 0000%6- 0000°6- Oz10°0 ZUL°O Ge29°0 060U°D Bteo°O é oLolwL A 
~_Usvero” [ees~o eweuru—_ 0120-0 tpot 0 etre STE TO 
0@62°0 0000°6- 0000°6- £600°0 947S5°O 0000°e- 0000°6- 0210°0 A4S2T°O |2uS°0 6f00°0 eeuuro 1 ° <vedue a 


0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 99Tc°O ENHy°nh 9STV°O N€2u°"0 Vv S dculud A 


a ee ge ee NS OAT SOT SS ge a Re EVO 


$Sx3 wnte yuh 
} NZ 


PISs 


V000*m{ 0000°g O000°TI 0000°%I 0000°SI 0000°2T 0000°2t 0000°ST 0000°{ VOOveOl DOO0V°NT D00U°M[ NN 
LS67°t €S597°O $9%6°0 6750°T S966°0 2e2S°0 oee°o 2%69°0 2276°0 24202°0 wS70eT TL0¥°h Aut 


7590°0 S¥66°0 9600°0 $200°0 0S2T°O0 980%75°0 10°00 2sT0°0 5060°0 67u2°O 20Tu°O Ss2to°o Lana 


Doge eenwnee Wr aes Oc eae 6c Sha oe Sh oe eT 


0°0 0000°6- 0°0 0°0 A970°0 6662°0 2100°0 2900°0 c2z0°0 lzez°t cetorn cororo € 9 viever 9 


0°0 0000°6- 0°0 o°0 €0€0°0 0025°0 S2v0°d0 #700°0 12560°0 0000°6- 0000°6- oStueo0 6 t Lc90o0d 2 


66€0°0 0000°t 9200°0 9200°0 €L01°O %206°0 SAt0°0 s020°0 LUOteO m92z2et tez0°o 2E20°o 2 @ pvsvoe 3 
C2eC°0 0000°L 20°00 520°0 Bt%*0 22€6°U S120°0 s620°0 9QL0°0 L422°0 $700°0 290U°0 2 7  guavod p) 
Ce ek mes he Me a bea oS 
9160°0 OSET*t Stora o#tor0 BI7120 607290 1910°O «2t2or0 M6S0"0 0S29°0 0500°0 duuaru 2 Lugved 2 
2zeteo t2e9°t tyl0°o § 7900°0 Z11E°0 «282670 97f0°O 2510°0 eeealeo imv2°0 9190°0 ownoore vt € seLvol Ps) 


0°0 0000°6- 0000°6- v0°0 9200°0 0000°6- 0000°6- 0900°0 @700°0 Y000°H- G00U°6— OVVO°U I if &e9UGL 2 


0°0 0000°6- 0000°6- 0°90 6210°O 0000°6- 0000°6- 0900°0 LO1V°0 O0UU%H= D00U°S= OSI0°U t 1 S160b2 e) 


O20°0 000° @storo estore 2090°0 7294°0 S9t0°o Stz0°0 esv0o guzes0 ez0070 90070 2 SF  ecudue — 9 


2560°0 0°0 v°o 6ofTo°o 6621°0 »00V0°y 9000°0 OS10°b %720°O 0°u v°O0 OrQu°e0 2 2 wcv0wd 3 


ee®eeccarnerooszeeoseeo aden seoaere wseecaeceewoww zeae ecoecoeroroor oreo r2e22 ececees onc erew ore oso eere2e20e82° 


ssx3 wNid w3WA 


an eer ee es 


met 5 ka 


6SE%°2 1005°O0 e2reuet 2iset 9199°T 9€67°0 6022°0 €eBL°d 9€9°0 


U679°0 20S8°N 0164°0 AQ? 


6087°O 92€%°0 9S10°0 0520°0 2929°0 22€2°9 O»f0°0 SS€0°0 L9Sl°O0 9252°O 2eturo Ssetorn Aas 


ee ee ee ee econ es eee Cree eee een wee ae ew ee = 6 oe tae See a oS ee Se NOS SOOO See ROE eS SS ee Oe ee 


6€E0°O LzTEI°t %600°0 9@700°0 OTTL°O 000S°0 0900°0 o0210°0 1t60°O €922°9 9900°O0 es0u°w gs vw ocd a 
9200°0 0000°t wf00°0 7100°0 %%S0°0 9v27°0 SO010°0 S20°0 SESE°O = SuwH?9 QreueO0 eetueh 2 ) ecuvol a 
0°0 0000°6- 0°0 0°0 6222°0 =97754°0 Si20°0 s8c0°0 LSQE°O E€049°0 TwEDeH Aysden 2 9 clenos a 


TLET°O O2€2°t @2toro €C€Ol0°O | 29e8€°O Ssia°u 220°0 2€€0°0 gtz€°0 ShHoro 4ecued elFN°o 9 oT me LoL " 


0°0 0000°6- 0000°6- 6°90 7{€0°O 0000°e- 0000°6- 0200°0 BE6U°0 w7l9°0 9200°0 s4un eo ft € Urvyuod A 


$260°0 %7999°0 §28%0°O 0€20°0 STEI°O %726%°0 SA70°0 Se60°0 LLS0°0 7S7€°0 gHdU'O0 <ss2nen 2 9 


0°0. 0000°6- 0000°6- 0°0 8250°0 0000°o- 0000°6- 0200°0 69Av°0 v9 1900°0 NOtv°Oo ft iS 


g4l2°0 ztsn*0 2820°0 €290°0 682%°0 O2%2°0 2R20°0 E9TI°O AOEETH L2¥9S°0 Gnzveo oMsueu € ” U lode m 

GSL0°O 0000°6- 0000°6- OE10°0 010%°0 0000%6- 0000°6- 0690°0 C272°0 005290 O2mU°0 HasueG 2 ovevbd a 

99T6°L 0000°6- 0000°6- S6S0°0 6945°2 0000°6- 0000°6- 00H0°0 0092°n «9aaseo «taforn sneueo ° cvh0we A 

0000°6= 0000°6= 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- 0000°6- OLz2t° 9z62°0 tanveo 2otorn Ov S Leaves ™ 
=o 


eeeweoreeewteceoaortaor rev eeeooororesoeoe 


$$x3 wid wjva 


WwW 


ee a a Pe ee nr ES an E 


Q000ert 0000°g d000°TT 0000°%! 0000°St O0000°2T 0000°el oo0ou’st o00uvem{ OOGUcOT OO0V"OI vouneet ; er 


gtze°o =Se7leen AOD 


eV9olel 94EC°0 0%" T o80r°l 0729°0 S#es°0 O120°t 21699°0 Oeez°o = $995°0 


M6070 IS0T°L 24200°0 S200°0 0660°0 1025°0 o0f0ro0 910° gzg0*o 409970 20toco,zetoro — NVSM ee - 


0°0 0000°6- 0°0 0°0 2120°0 O222°0 7200°0 2900°0 gv02*o gocuet €22u°0 3 P 


2%20°0 9@910°0 s9tz°0 Ovts°0 0920°0 79€0°0 #920°0 O0U0°H- 000U0°6- n220°0 6 if 


S6to°t 


2€60°0 


0°0 60000°6- 0°0 0°0 €920°0 0°0 0°0 0sg00°0 mes0°0 Ezourlt szetved eetue0 2 


a70u°v 2 7 yunVod 3 


oTtu°d 61S60°0 wrve°0 %€0U°0 


£560°0 €962°0 0200°0 ¥900°0 iest?o e@teleo o200°0 


oeeu°o & 2 lusled © 2] 


iSt0°o 2912°0 2696°O OcEu°d 
zinoeo0 624900°0 Ol € scLVol 2 


0°0 90tt°0 se2e°o fe10°O 
019S6°0 9700°0 2900°0 620t°0 usse°0 


0°0 0000°6- 0°0 


eli 


7250°0 61S9°t 0700°0 %200°0 9651°0 


0000°6- 0000°6- 0S€0°0 “gm00°0 v000%H- 0000°6- ovunrn { { tevved 2) 


€c70°0 0000°6- ooousa- vegoro f[ 


6210°0 0000°6- 0000°6- 0620°0 tg10°o 


1 Slound 3 


0000°6- 0000°6- 0°0 9%70°0 0000°6- 0000°6- 0020°0 


2200°0 2750°0 e7st°u ssv0°d gsto°o gcol°o Sceh°o = RETUcO gytv°o0 2 & ocuUul 2 


gvo0°0 0000°t 2200°0 
o2zgu°v 2 e wecWUol a) 


69750°0 0000°t 0900°0 0900°0 0500°0 Sseve*e se00°o s010°0 LS90°O0 6271°O o1ou°d 


Rie 
eS ace Ww 


ssx3 


“122 


glecce 0°0 esetr2 7960°2 2609°O0 SOle°l E€0€z°T 26e9°0 To9%°0 S962°2 S000°2 1426€°0 AOD 
$000°0 0°0 €600°0 €000°0 7200°0 SSE2°O €000°0 ¢€000°0 @200°O0 0°982°0 000°0 2000°0 Aas 


0°08 0000°6- 0°0 0°0o 6$00°9 2100°0 0000°0 s000°0 €400°O0 7{00°0 0000°0 <sbuu°0 ¢g g ecv0od A 


0°08 0000°6- v°0 0°0 2100°0 0°u 0°0 s$000°0 9500°O f00°0 000V0°0 souv°0 . 2 @ 2cn0oe = 
0°0 0000°6- 0°0 0°0 S400°O €€€E°O 2000°0 14000°0 2010°O {2%l°t 9100°0 {ovo 2 9 4ly0oe a 
9100°O G000°t 2000°0 2000°0 %71400°O €€EE°O 2000°0 2000°0 9900°0 €€E£E°O 2000°0 9000°0 4 ot 7cL064 a 
0°0 0000°6= 0000°6- 0°0 6100°O 00U0°6- 0000°6- Sn00°0 4S500°0 0°0 ve°0 snouen 4 € vt90e2 a 


T100°O 0000°t Of00°0 of00°0 6€100°O 14999°6 Of00°0 st00°o t100°o0 ¢€100°0 Qv00"d s000°0 2 9 129062 ie 


0°0 0000°6- 0000°6- 0°0 1%00°O 0000°H- 0000°s- S000°0 4700°Q {00°00 O004°0 sdu0ceu f{ ) ouVlel a 


0°0 0000°6- 070 0°0 1Z00°0 o°0 0°@ §000°0 9200°O yo00"O 0000°0 s000°0 2 % viedws A 
0°0 0000°6- 0000°6- 0°0 6200°0 0000°6- 0000°6- s000°0 sz00°0 0°90 v0 00070 [| 2 oevedwe A 
0000°6- 0000°6- G000°6- 0000°6-  — 0000°6- 0000°%- 0000°6- 0000°6- 4600°0 eno0o 0000°0 soou'u 0 % 2060vt A 


08800°6- 0000°6= 0000°6- 0000°6- 0000°6- 0000°G- 0000°6- 0000°6- 2900°O e€21°O (000°0 s00u"0 0 Ss 4cQUud a 


Usa Rw KOS ROIS nv aN 00 RKO RUT SRV 0a RO OTS et ne a gr 


SST PCe@ere®s2eeeceeoeeeeoenooerocec a See®e2sesveeeowoos oe aoroeoooeaeroeco @Sweesceererowreo wm eoeooeroc oo eee @aoececoro= 


$$x3 whd wun 


wa AR ig 


0000°%{ 0000°9 


zteoet coet°d 


s100°0 


0°0 


90v0°0 


96S9°1 


0000°6- 


2828°2 


0000°01 0000°%T 


to92°t O2se°l 


7000°0 2000°0 


0°0 0°0 


¢000°o 1000°0 


VO00*ST OOOO*IT OO0O°ITT 0000°St 0000°%t oGud°dl 000G°0T Gouuert 


€2$2°0 16660°0 6atn't 2ttz°o 0769°0 


5900°0 2esc°0 $000°0 9000°0 9900°0 


zl 
1900°0 0°90 0°0 «$0u0°0 %%00°O 


ze00°0 e€%7Is°o €000°0 9000°0 z100°0 


996An°0 «See °l LSes°l 


201Ss°0 9000°0 e00G°o 


Ey edd ad ae 


NU 30 


7ole°o 2000°0 aguuet ¢ 9 016002 2) 


QUUD*b= 000U°6- cuuue) 6 1 129664 3 


0000°1 
0000°6- 


2100°0 2100°0 


0000°6- 0°0 


teTo°o 000R°0 0200°0 §200°0 €4600°O S0Se°t 9200°0 1200°9 @ 6 ovale. © 2 


2900°0 0000°e- 9900°6- s000°0 Qito°o 


eeeceo 2000°0 goou°do 9 guB0od 3 


gicoco 


evze°t 
0000°6- 


0000°6- 
9000°6- 


€000°o ¢€000°0 


0°0 0°0 


0000°6- 0°0e 


0000°6- 0°90 


6500°0 ets7°O 000°C 6000°0 


6600°0 $000°0 00v0°90 ¢000°0 9600°0 0°0 veo <Ouu°v 


2000°0 0000°o- 0000°6- 4000°0 9000°O 0000°4- 000uea= ©H00°0 


1100°O 0000°6- 9000°6- $000°0 2000°0 0000°6- 000u°H= $u00°n 


2900°0 €eee°o zn0uen 2000°0 é 1ug0oe 3 


ul € seLvol 2) 


if U t<906L 3 


t t $l6dwl ] 


0000°6- 


0000°6- 


$Sx3 


9100°0 0°0 


o°0 6$090°0 900° 
€9700°O 0°0 0°06 §6§000°0 0co0° 


wie 


ee eesen2aeo222°°° 


Oo zoster 7f00°0 21uo°0 


0 v°o veo s000°o 


wovA 


v4 c od80bd »] 


é 2 eceBUGd =] 


Ovze°t 86S%°0 9192°C 6006°0 O0€e°O a2ISs°O 24692°0 9€69%°0 


S200°0 8%6€°0 2000°0 2000°0 24200°0 SI92°O 2000°0 2000°0 6000°0 y022°O 100u°0 1000° Agis 


4200°O [0€S°O 1000°0 2000°0 6€00°0 s79€°0 1000°0 €000°0 S100°O Of00°0 0000°0 touusn 6 ocW0oL a 


@000°O €422°0 2000°0 ¢€000°0 T100°0 O0US°O 20600°0 %000°0 ET00°O0 *9%€°O 0000°G fouv"0 2 & ecBvued a 


0400°0 2420€°0 2000°0 9000°0 $e00°0 00S2°G 2000°0 R000°0 2to0°o Cece°o 100070 [000° 2 % 2levod a 


e000°O CB8Z2s°t 1000°C T000°0 6200°0 w2i%°O ([000°0 €060°0 1200°0 S962°0 2000°0 20060°9 » af eL06L =A 
' S000°S 0000°6- 0000°6- 0000°0 4900°0 0000°6- 0000°6- €000°0 2€00°O g9zt°0 0000°0 cov0'H 1 € Urv0o2 
Ls 
N 
= 2000°O O000°T oe0°o 2000°0 9000°0 €E€CE°O 1000°O »000°0 g000°H 6ef£8°0 €000°0 cvu0v°0 2 5 129064 ry 
‘ - : oe PAM ey We re Te os ce OT Ee Oe ee eee ies é oe, ee a none =e 
O100°O 0060°6= 0000°%- (000°0 1700°O 0000°6- 0000°6- $000°0 £00°Q SSti°O 0000°H -n00°n f{ & ov9002 FY 


4100°0 [090°t 000°9 ¢000°0 2200°O 9928°0 %7000°6 5000°0 9000°9 99€°9 0000°O vue) EC 9 vlodwd a 


60°O 0000°6- 0000°6- 0°0 9000°O 0000°6- 0000°s= {000°0 6000°0 v°0 v0 «f[OuurTn f 2 Ov60¥L a 


0000°O 0000°6- 0000°6- 0000°0 2€00°O 0000°6- G000°e- 1000°0 6T00°O 2100°0 0000°0 {000°0 | 9 2v60ud © a 


0000°6- 0000°6- 0000°6- 0000°6- 0000°G- 0000°6- 0000°6- 0000°4- *100°O €100°G O000°0 u0uV°0 0 S 4cu0eL a 


~ Usa RW KOS ROIS RV WN 0d RROD AUIS _ RVs ROOTS OS 


$sx3 wnitd wove 


ayes: Se PRS as, Bee ees eS BESSA Pa ae 2 se gy 


ge ee 


0000°%{ G000°0t O00O°TT 0000°71 000u°St O000°2T 0000°2T 0000°ST 0000%r{ 0000°0I Convedot vobuerl NN 


Oot2°t Se27°0 6e2ee°l Oztert 075e°0 659e°0 Tea2°t 9S5€Aa°0 1699°0 =97266°0 entert Ssi97°d ACS 


0200°0 9796°0 €000°0 2000°0 0€00°0 S6e%°0 €000°0 %7000°O 1100°O 920€°0 7on0°o §«=696fG00°O | SE ee 


i ee ee ee 


{oou°o € 9 Vloved 2 


g200°0 6061°t 1100°0 0100°0 0600°O sezo°t 1100°0 1100°0 ce100°o z26vs°o 1000°0 


gc00°o 1Sse2°t 0100°o 9000°0 1900°O 704%°C oroora 2000°0 €000°0 g0uu°6- C00ueh= 1000°O 6 1 Lesoed 


2000°0 0000°1 0000°0 0000°0 woo0’o ceee°o 1000°0 1000°0 g00Uu°0 0%62°0 n000°0 1H0b°H e 6& oveved 3 is 


ttoo*o § 4999°O 0000°0 1000°0 sc00°0 0002°0 1000°0 ©62000°0 2200°0 R€27°0 tnoveo 2000°9 2 » gvag06L 3 


qoooro av22°t 1000°0 1000°0 0200°0 Zzeu9°9 1000°0 €000°0 9100° o00s°0 1o0v°o 2600°0 9 2 tugv6L 3 


6700°O glet*t €000°0 2000°0 €900°8 S2th°u €000°0 ¢000°6 6100°0 7o0u0°0 ooouro reoorn ot € ScL06L 


0°0 0000°6- 0000°6- 0°0 0000°0 0000°6- 0000°6- 1000°0 1000°u OuU00°@ ov0veo> tyvuveu Tt i revved 3 


0°09 0000°6- 0000°6- 0°0 2000°2 0000°6- 0000°6- 1000°0 1000°G 0000°4° on00°%s= Teouev Ft { Sleovuwd »] 


woooro ctooeo oooveo tooo 2 F eevoue =D, 


gtooro ceccso t000e0 %000°0 6100°O zzezev t000°0 S000°O 


0°@ 6@000°6- 0°0 6°0 6000°06 0°0 6°0 61000°0 §000°0 0°O u°d 1ovu'o” 2 2 wc806d 3 


eons wewee cnc wnon es oos soe eer" wae ee ceeewe 005 e eee ooo e oe eee eee neeaoecosoesenssereresese = 


$$x3 wnid wave oe Be 


ag Vere rt Tris ei 


=5 = 


ens tater Fal: ft Be 2 4 4 
- © G6 G000.%- 
= as a pee Se 
4126-8 Crit.¢ 


Pe ; 
‘ hi a SN ‘ 


= APPENDIX 4. —s 


ACIDIC PRECIPITATION IN 
SOUTH-CENTRAL ONTARIO: 

ANALYSIS OF SOURCE REGIONS USING 
AIR PARCEL TRAJECTORIES 


May, 1980 


The Honourable 
oe Harry C. Parrott, D.D.S., 
Ministry Minister 
of the | Graham W. S. Scott, Q.C., 
Environment Deputy Minister 


Ontario 


a I gE pet) eI ml 
Ps o 
ha 
q 
# 


ee - 
’ 


Me -. gideituonoH-sAT 
Lure .2.0.0: tons ?.0 vnsH 
. taint 


20 008 .2,.W mars 
“JeleiniM yiuged 


-owieu enoiwan 39: aoquoe * 
Sr “@aInoTa: ART spans | 


O8er .v6eM 
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Abstract 
Measurements of precipitation pH, so; and NO. were taken from 
August 1976 to April 1979 in the Muskoka-Haliburton region of Ontario, Sea level 
geostrophic trajectories were used to follow the air mass associated with the event 
back 48 hours to its ‘octant of origin'. Two types of data analysis were carrried 
out, one using the entire data set (composite analysis) and one using only 
precipitation samples consisting of a single event (event analysis). Concentrations 


2 


of H’, sO), and NO, in event samples from the S, SW, W and NW octants were 


3 
high. Results from the entire data set showed that precipitation events most 
commonly occurred with trajectories from the S and SW octants. Both event anc 


composite analyses demonstrated that the majority of H*, SO rave NO. deposited 
Pp by 4 Pp 


at Muskoka-Haliburton was associated with trajectories from the S and SW octants. 


INTRODUCTION 

The acidification of FreenWaters by precipitation has occurred in 
Scandinavia (Oden 1976), the northeastern U.S.A. (Likens 1976, Schofield 1976) and 
the greater Sudbury area (Conroy et al. 1975, Beamish 1976). Recent evidence of 
acidic precipitation in south-central Ontario has been given by Dillon et al. (1978), 
who reported mean pH values of 3.95-4.38 at 8 sites in Muskoka-Haliburton. The 
dominant ions in precipitation at this site are H* and sone and the depcsition of 
H* and SO/F- is higher in Muskoka-Haliburton than at any other location on the 
Canadian Shield measured to date (Scheider et al. 1979a). Effects of acidic 
precipitation on the poorly buffered freshwaters of the area are discussed by 

Jeffries et al. (1979) and Scheider et al. (1979b). 
In this paper, we attempt to relate the deposition and concentrations of 
-2 and NO,"Iin precipitation collected at Muskoka-Haliburton iteetanion 


4 ) 


source regions through the use of air parcel trajectories. The rationale behind the 


H*, SO 


study is to investigate the relative contributions from the various source regions in 
order to enable an assessment of proposed strategies aimed at controlling and 
reducing the acidity in Ontario's precipitation. 

Trajectory analysis, to determine the sources of acidity in 
precipitation, has been applied in Sweden (Munn and Rodhe 1971), Norway (Forland 
1973) and at sites in the northeastern U.S.A. (Dittenhoefer and Dethier 1976, Miller 
et al. (1978). Several Dinars have studied airborne Sop in Ontario and its 
relationship to long range transport (Lafleur and Whelpdale 1977, Chung 1978). | 
Summers and Whelpdale (1976) related precipitation pH and SO, “to air mass origin 
in a study performed in August 1976 in eastern Canada. To date, no longer term 
study has been carried out for this area. Here, we discuss the deposition and 
concentration of H’, sO, and NO,” in precipitation collected at 5 sites in 


Muskoka-Halburton over the period August 1976 - April 1979 with respect to air 


parcel trajectories. 


o2e 


DESCRIPTION OF STUDY AREA 
Precipitation collectors were located in the Muskoka-Halibruton area of 
central Ontario (Figure 1). This area is underlain primarily by Precambrian 
bedrock with a thin, glacially derived overburden. A mixed deciduous/coniferous 
forest covers the area and no large urban or industrial centres exist within 200 


kilometres. 


METHODS 

Precipitation was collected from August 1976 to April 1979 (33 months) 
at five sites using automatic, moisture-activated samplers. The samplers opened 
only during a precipitation event and thus excluded any dry deposition. The periods 
of collector operation are summarized in Figure 2. One sampler (Dorset) was 
electrically heated for winter use and snow samples were thus melted and kept in ; 
the liquid state. Rainfall depth was measured at each site using a 10 cm diameter 
polycarbonate rain gauge. The depth of snowfall was measured in 1978-79 with a Nipher 
snow gauge. In previous years, snow samples were melted and their volume measured to . 
obtain water equivalent depths of snowfall. All precipitation gauges and collectors 
were located in cleared areas about 1m above ground (or snow) level. Samples were 
analyzed for pH and NO,” within two days of collection. Analysis of Sone was 
performed in Toronto within one week of collection. Analytical methods are 
described in Ontario Ministry of the Environment (1975). 

To trace the origin of the air associated with a precipitation event, we 
have used sea level geostrophic trajectories (Rossby and Egner 1955, Munn and 
Rodhe 1971, Forland 1973), computed from maps of the surface pressure field. A 
trajectory segment is derived for each six hourly surface map with the aid of a sea 
level geostrophic wind scale which provides the length and direction of; the 
trajectory as a function of isobar spacing and orientation. The air parcel is followed 
back 48 hours in 6 hour increments to its 'octant of origin'. In some cases, the air — 
mass associated with an event remained almost stationary for the 48 foues 


preceding the event. Such cases were termed ‘local’. 


te 


Figure 1: Location of Study Area and Collectors. (Numbers refer to Figure 2) 
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The precipitation collectors are part of a network designed with the 
intent of calculating the bulk and wet deposition of nutrients, ions and heavy metals 
to lakes in the Muskoka-Haliburton area (Scheider et al. 1979 a, Jeffries and Snyder 
in press). For this reason, precipitation samples were collected when sufficient 
volume of sample existed for complete analysis. Depending upon the depth of 
precipitation in an event, one or several events may have contributed to a single 
sample. 

In this study, we carried out two sets of computations - one for the 
entire data set (composite sample analysis) and one for samples Consisting of a 
single precipitation event, or several events each associated with the same octant 
(event sample analysis). A summary of the number of measurements within the 


composite and event data sets is given in Table 1. 


(a) Composite Sample Analysis 


The composite data set consists of all data available, including that from 
composite collections in which several events contributed to the sample. We used 
these data to make estimates of the maximum possible deposition (of H", clone and 
NO, ”) which could correspond to each octant. Considering each octant in turn, we 
‘summed all of the sample loadings associated even partially with that octant. In 
generating maximum possible deposition we were assuming that events from the 
octant of interest alone contributed the total load to the sample. 

An example may serve to clarify the procedure. Table 2A provides a 
data sample for the Red Chalk Lake station. To calculate the maximum possible H* 


loadings for each of the octants we get 1983 + 1085 = 3068 for South, 3315 for South- 


East, 3315 for South-West, 3315 for North-West and 1085 for North-East 
(Table 2B). In the analysis, this procedure was applied to the 


A eS0 “2 and NO, data for each station. 


4 


TABLE 1: Number of Measurements in Composite and Event Data Sets 


Station 
Parameter 
H* composite 
SO ~2 composite 


4 


NO, ‘composite 


depth-composite 


H* event 


depth-event 


Carnarvon 


D4 


47 


40 


a 


29 


21 


33 


Dorset 


56 


34 


a7 


26 


ae Be 


- Eagle 


a2 


50 


40 


28 


30 


24 


35 


Harp Lake 


37 


38 


38 


20 


21 


20 


24 


Red Chalk Lake 


40 


34 


30 


18 


14 


11 


18 


Table 2A: A data sample for the Red Chalk Lake Station (1978) 


——— 


Collection Depth Sample No.of  Octant(s) H* 


load 
Period (mm) pH Events of origin (ueq m7“) 
Sept. Il-15 24.4 4.09 2 S, S 1983 
Sept. 15-22 43.7 4.12 3 SE,SW,NW 3315 
Sept. 22-29 6 4.01 2 NE, S 1085 
ae ee ee epee = nee 
Table 2B: Calculation of Maximum Possible H* Loading for various octants 


of trajectory origin (based on data from Table 2A) 


S 1983 + 1085 = 3068 ueq/m~ 
SE 3315 
SW 3315 
NW 3315 
NE 1085 


age 


As Figure 2 indicates, sampling at the Dorset station generally 
covered the cold months ('winter') while precipitation collectors at the remaining 
sites were made during the warm ('summer') months. We have therefore grouped 


the data into 'summer' (using the arithmetic mean of loadings at Carnarvon, Eagle 


Red Chalk Lake and Harp Lake) and 'winter' (using the Dorset loadings). 


b) Event Sample Analysis 


A second set of computations was based on the 'event' data i.e., those 
derived from precipitation collections consisting of a single precipitation event, o1 
several events each associated with the same octant of origin. Initially, we 
computed total event loadings analogous to the composite loadings described 


above. We then computed weighted average concentrations for each octant and for 


each ionic constituent. The weighted average concentration is calculated from: 


h m; 
Z ae igi 

W eS uf? a4 

a 
h mi 
» ny as ETNIES 
ce/ ji! 18, & 
where: Wo weighted average concentration for Octant "a" 


Li loading from collector j for event i 
m= number of collectors or gauges operating for the i-th event 
n = number of events corresponding to Octant "a" 
oe = depth from gauge j for event i 
RESULTS AND DISCUSSION 
The limitations of this analysis are initially stated. They include::. 
l. The majority of the precipitation collected is in the form of composite 
samples i.e., samples comprising two or more precipitation events. The 
value of such data to trajectory studies is limited (see, for example, 


Miller et al. 1978). 


2. The size of the data set for event sainples (i.e., those associated with a 
single precipitation event) is small. There are, for example, only one 
'winter' and one 'summer' event sample corresponding to a trajectory from 
the northwest sector. The average concentrations associated with the 
less frequent sectors cannot be considered reliable. 

3. The characterization of acidic precipitation events using a single 
trajectory may be misleading as (a) the storm system involves inflow of 
air from many directions through convergence in the vicinity of the 
cyclonic cell, and (b) the mechanism of acidic precipitation formation 
is a complex amalgam of rainout and washout processes occurring at 
many atmospheric levels possessing different directions of air flow. 
Despite these difficulties, some success has been reported from the use of 
trajectories for tracing source regions (e.g., Forland 1973, Nordo 1975 and 


Wisniewski 1976). 


Table 3 shows the percentage precipitation event samples associated with 
each octant of trajectory origin as compared with the percentage of composite 
samples associated with each octant of origin, for the H* data set. (The Snr and 
NO,” data sets show qualitatively similar distributions). The Table shows that the 
South and South-West trajectory directions are more frequent in the event data set 
while several other trajectory directions are less frequent (particularly East, 
South-East and North-West). This difference in the frequency distribution results 
in a corresponding difference in the eon puites loadings of H™, so, 7 and NO,” by 
octant of origin. | 

The results of the composite sample analysis (Table 4) show the maximum 
2 and NO,” 


of trajectory origin. In the case of each of the constituents, and both warm and 


possible deposition of H", SO, which could correspond to each octant 


cold seasons, the South and South-West octants are associated with the greatest 


Z40- 


TABLE. 3: 


Octant of 
NE 

E 

SE 

5 

SW 

W 

NW 

N 


Local 


Number of 


Samples 


* Mean Frequencies for 4 stations are tabulated. 


Percentage of precipitation samples, on which H* analysis was done, 


associated with each octant of trajectory origin for event and composite | 


data sets 


J 


QO - 


0 
2) 
46 


14 


18-28 


¢ 


Event Data (%) 


Summer * 


6 


4 


6 


19 
Lo 


13 


37-54 


Composite Data (%) 


a HS 


Winter 


Event Data (%) 


4 
4 
0 


42 


24 


Composite Data (9 
L 


7 
8 
22 
24 


13 


56 


Table 4: Maximum Possible Loadings of H’, SO -2 and NO,”! (meq m2) 
Associated with Octants of Trajectory drigin (baséd on composite 
sampling data, Aug. 1976-April 1979) 


Summer * Winter 

(meq/m?) (9%) (meq/m*) (%) 

H* NE 4 6 34 32 
E z, 10 28 26 
SE 7 10 16 LS 
S 26 37 42 40 
SW 35 50 60 57 
W 15 21 27 25 
NW 10 14 32, 30 
N 3 4 4 4 
Local aaA 10 13 12 
Total** 70 [62 T06 241 
S0h0° NE : 9 14 29 
E 5 7 14 29 
SE 5 7 9 is 
S 23 33 25 51 
SW 34 49 31 63 
Ww 15 21 15 31 
NW 8 11 12 24 
N 3 4 0.4 1 
Local _10 pee bikie: one 
Total** 70 155 49 254 
NO,” NE 2 7 9 30 
E 2 7 9 30 
SE 2 7 4 13 
S 11 38 13 43 
SW 12 4] 18 60 
W 6 21 7 23 
NW 3 10 10 33 
N 0.4 I 1 3 
Local 5x6 21 Ti Br, 
Total** 29 153 30 238 


*mean of 4 stations 
** The total load is not the sum of the individual octant loadings (see text). 
Total % figures shown are calculated from total loadings shown? 


af 


maximum possible deposition and the North. octant is associated with the lowest 
maximum possible deposition. 

No more than 10% (and likely much less) of the 'summer' deposition of H"*, 
-2 and NO -1 Kould be associated with any of the N, NE, E and SE octants. 


4 3 
From the 'winter' analysis only the North octant was associated with less than 10% 


SO 


of the deposition of each of the constituents. However, the 'winter' figures are less 
reliable than the 'summer' values because of the greater number of events per 
collection which is reflected in the larger sum of % values (Table 4). 

The results of the event sample analysis (Table 5), although based on a 
smaller data set, give an estimate of the % of total deposition contributed per 
octant of origin. In the 'summer' period, events originating in the S and SW octants 


2 and 57% of the NO,” 


-2 


combined contributed 75% of the H*, 70% of the SOF 


deposition. ‘Local' events contributed 10%, 16% and 27% of the H’, SOy and 


NO,” respectively. Events orginating in the W octant contributed 9%, 8% and 


-2 


and NO," deposition. Events from all other octants 


10% of the H’, SO, , 


contributed 2% or less per octant of the total deposition. In the 'winter' period, 


events from § and SW octants again were most important, depositing 85%, 87% and . 


-2 -1 
4 and NO, 


deposited by events from the W octant dropped to less than 5% and events from the 


86% of the H”, SO respectively. The fraction of the total load 
'local' sector contributed 0%. 

Basically, both data sets show a similar result i.e. that most of the 
deposition of H*, cers and NO,” was probably associated with events originating 
in the S and SW octants. The W and ‘local’ sectors were also important contributors 
to the total deposition in the 'summer' months. 

Our results agree with those of Summers and Whelpdale (1976) and 


Z 


Whelpdale (1978) who reported elevated levels of SO, and H™ in precipitation 


falling in southern Ontario to be associated with southerly flows of air. Indirect 


ae 


aes 
~- aS =; 
os 


TABLE 5: Sampled Loadings of H’, SO =e and NOL (meq m7) 
Associated With Octants of Trajectory Origin (based on event sampling 
data, Aug. 1976 - April 1979) 


Summer * Winter 
(meq/m*) % (meq/m*) % 
H* NE 0.8 2 1.4 5 
E 0.0 0 Oe) 0 
SF 0.0 a) 0.0 0 


support comes from Lafleur and Whelpdale (1977) and Chung (1978), who concluded 
from Ontario data that elevated levels of ac, in air measured by high-voluine 
samplers were associated with S-SW air flows. At Ithaca, N.Y. some 350 km south- 
east of Muskoka-Haliburton, Cogbill and Likens (1974), Dittenhoeffer and Dethier 
(1976) and Miller et al. (1978) all reported hat precipitation originating in the SW 
sector was the most acidic. Wolff et al. (1979) found for New York, N.Y. that 
events originating in the W and SW sectors had the lowest pH values. Samson 
(1978) reported that the highest Sole levels in air collected with high-value 
samplers at three locations in New York were associated with air parcels from the 
SW octant. Many studies point to the highly populated, industrialized S and SW 
sectors as being the major source areas of polluted air, a reflection of the greater 
strength of sources in these directions (see, for example, Clark 1978). 

Table 6 is a tabulation of weighted average concentrations for H’, SO, = 
and NO,” » based on the event data set. Weighted average concentrations serve to 
characterize the precipitation associated with various source regions. Comments 
on the Table cannot be too extensive due to the relatively small sample size. For 
example, the very high average concentrations for H* in 'winter' corresponding to E 
and NW trajectories are based on isolated events. Much more event data are 
needed before meaningful conclusions can be drawn. It should be noted, however, 
that a significant ee met a of each of the 3 ionic species characterizes 
precipitation associated with the S, SW, W and NW directions. Note also that the 
weighted average concentrations in 'summer' are relatively high for 'local' events. 


This circumstance is possibly due to inflow of air from the Sudbury region (200 km 


north-west of Muskoka-Haliburton) associated with slow moving storms. 


Ba. 


TABLE 6: Weighted Average Concentrations of H’, SO 
(ueq/1) (based on event sampling data, Aug. ee ee 1979) 


Summer * Winter 
ueq/] number of ueq/I number of 
events events 
H* NE 36 3 43 1 
E ~ 0 204 1 
SE - 0 - 0 
S 81 ll &9 10 
SW 70 18 69 8 
W 101 ri 102 1 
NW 106 1 229 1 
N 81 if 17 2 
Local 83 4 - 0 
so, NE 41 3 21 1 
1a - 0 - 0 
SE 21 l ~ 0 
S 81 10 38 4 
SW 93 19 55 7 
W ri 5 63 it 
NW 114 1 23 1 
N 58 l 21 l 
Local 138 a - 0 
NO,” NE 13 2 32 \ 
ce - 0 36 l 
SE 6 it - 0 
S 35 & 30 7 
SW 3] 15 4s 6 
W 45 5 - 0 
NW 53 I 14 1 
N 29 I - 0 
Local 91 3 “ 0 


*mean of 4 stations 


a1Gs 


CONCLUSIONS 


In summary: 


(i) 


(ii) 


(iii) 


precipitation events most commonly occur with trajectories from the 
South and South-West octants, 
an analysis of both composite and event data séts for the 33-month period 


2 and NO,” deposited at Muskoka- 


shows that the majority of H”, SO, 
Haliburton is associated with trajectories from the South and South-West, 
and 

the average concentrations of H”, so, and NO,” in precipitation 
for the S, SW, W and NW octants are all substantial; precipitation from 


the remaining octants was very infrequent. 


my 
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APPENDIX 5 


"SATELLITE OBSERVATIONS OF 


PERSISTENT POLLUTION EPISODES" 


BY 


MESOMET, INC. 
35 EAST WACKER DRIVE 
CHICAGO, ILLINOIS 60601 
PRODUCED and NARRATED BY 


WALTER A. LYONS, PHID., CCM 


The purpose of this tape is to demonstrate the use 
of conventional meteorological satellites to detect the 
formation and the spread of large scale pollution 
episodes sometimes called "smog blobs", "hazy blobs", or 
"PEPES”, that is, persistent Blevated ,Pallucion 
Episodes. The Clean Air Act™Amendments of 1977 required 
that the States account for the transboundary movement of 
air pollution. EPA's environmental sciences research lab 
has a responsibility to develop models to quantitatively 
describe this pollution transport. This tape was pro- 
duced as part of EPA's technical planning for "PEPE 80", 
an experimental study of long range pollution transport, 
conducted by the regional field studies office, William 


Ewe Willson, Directors 


The opening scene shows the view from atop Whiteface 
Mountain in the Adirondacks of New York, on the 26th of 
August, 1977. A beautiful day: with brisk northwest 
winds, low Anas and a visibility greater than 50 
miles. However, from the exact same vantage point, only 
two days...48 hours later...the visibility had dropped to 
less than 5 miles after the wndeanes switched into the 
southwest. Boundary layer trajectories, calculated by 
Professor Perry Samson of the University of Michigan, 
show that on the high visibility day, the air stream had 
come from Northern Canada. But as changing weather 
patterns influenced the surface air flow, we can see that 


the low visibility air was associated with air which had 


traveled through Kentucky, Ohio, Pennsylvania, and 


western New York, into the supposedly rural Adirondacks. 


With the passage of The Clean Rir Act in 19/0, con- 
cern centered on large point sources of sulphur dioxide, 
such as this power plant. Particular interest was paid 
to the SO» impact at ground level within ten or fifteen 
miles of the source, with respect to The National Ambient 
Air Quality Standards. But more and more, through the 
1970's, research began to demonstrate that pollution can 
travel far greater distances than we thought. Aside from 
‘implied assumptions in the original legislation, air 
masses certainly travel across air quality control 


district borders with impunity. 


St. Louis, Missouri was the site of Midwest 
Interstate Sulphate Transport and Transformation 
Project...MISTT. The plume from a large power plant 
north of St. Louis on one particular night was found to 
travel in a cohesive manner as much as three hundred 
miles (into southern Minnesota). Of course, that plume 
is surrounded by many smaller sources of sulphur dioxide 
and other pollutants. On a warm summer day when mixing 
is significant, these many plumes comingle into what can 
be termed an “urban plume", which, with a typical 
southwesterly surface air flow, would drift into Chicago, 
Milwaukee, and other downstream regions. There are many 
types of pollutants to be found within a given air 


stream. Ozone 


levels, which may already be elevated during the summer, 
initially are depleted as the air mass passes through a 
city such as St. Louis, the result of injections of 
fresh automobile exhaust. However, the further downwind 
the air travels, increasing ozone levels are reached 
attaining a new, higher equilibrium value by the time the 
airstream passes, in this case, the Chicago metropolitan 
area. Not only are gases transported these long 
distances, but visibility reducing aerosols are carried 
far down wind. While a small fraction of the increased 
particulate loading is due to the injection of smoke or 
soot from uncontrolled stacks, the major fraction of 1t 
appears to be the result of photochemical conversions 
within the atmosphere. Essentially, colorless gases, 
such as sulphur dioxide, emitted into the warm humid 
summer atmosphere, undergo photochemical conversions (in 
the presence of strong sunlight). [In other words, the 
gaseous pollutants are converted into Myriads of small 
particles or aerosols which can include such species as 


sulphuric acid mist. 


This time lapse film shows the sky over the 
Milwaukee area on a supposedly clear, unpolluted day. 
But, if you observe carefully, large clouds of aerosols 
in the lower several thousand feet of the atmosphere are 
drifting over the: city. These do not originate from 
local sources, but are the result of gases emitted 
several days upstream which underwent photochemical 
transformation into aerosols. These chemically, are 


found largely to consist of sulphates. 


Typically, a PEPE occurs when a stagnant summertime 
high pressure system causes the urban plumes from various 
cities and major source regions to gradually coalesce and 
coagulate into one large MasSe-_ The regional scale 
episode can cover many states and extend far out inbo rhe 
Atlantic. Usuallly a PEPE will persist for several days, 
and in some cases, for several weeks, until a strong cold 


front brings clean unpolluted air into the region. 


The primary source of these visibility reducing 
aerosols is apparently sulphur dioxide. The SO largely 
emanates from coal burning, power plants with tall 
stacks. Major point sources are scattered throughout the 
eastern United States with lesser numbers in other parts 
of the country. But the concentration of major power 
plants and numerous minor sources in the eastern Us. Syi 38 
high, not only in the Ohio River Valley, but in a broad 
belt extending eastward from the Mississippi River 
through the States of Illinois, ae Ohio, 
Pennsylvania, and Wow York. Thus, we would expect to 
find the maximum sulphate aerosol concentrations and 


other associated pollutants in this general region. 


Now we examine a case study for an August, 1976 
episode. Here we see Chicago, where visibilites were 
restricted for many days running to between 2+ tor) 
miles. This isnot the result of the "Gary Steel Mills" 
or local sources, but a regional scale episode covering 


many states. The following is an animation of the 


:.) aa 22 


visibilities reported by national weather service 
Stations over a multi-day period extending from the 17th 
to the 28th of August, 1976. These were reported at noon 
when fog or morning mist was no longer present. The 
regions in orange are visibilities of less than 5 miles, 
with pink less than 3 miles. The low visibility air mass 
traveled in a cohesive manner for many days. Now, we 
repeat this animation except that the additional shaded 
area shows the regions, where the satellite imagery 
revealed a hazy, turbid air mass. When the haze of a 
PEPE was detectable in the Goes picture, visibility 
within these areas was about seven miles or less. Note, 
at the peak of this episode, on about the 24th of August, 
the pollution "cloud" stretched from Louisianna, north to 
Minnesota, and eastward through the Ohio Valley and Mid- 
Atlantic states, and far out into the Atlantic Ocean. As 
many as twenty States were engulfed at one time. It took 
the passage of a strong Pacific cold front through the 
region to completely purge the eastern United States of 
this large scale pollution episode. Unfortunately, 
measurements of sulphate aerosol concentrations are 
sparse during this time. On the 28th of August, some 
data were available, and these are plotted. A very 
strong correlation exists between the sulphate aerosols 
(as high as 40 and 50 micrograms per cubic meter), the 
low visibilities, ane the milky white haze seen on the 


satellite photographs. 


Thus PEPE's are found to be associated with high 
concentrations of sulphate aerosols which lower the 
regional visibility. These, it is assumed, are part of 
the "raw material" for what is called “acid 
precipitiation". Coincidentally, PEPE's are also 
associated with major areas of elevated ozone levels. 
While over the last several decades it is true that 
average visbilities have actually improved in the center 
of cities, mean rural visibilities have been steadily 


decreasing. 


What satellites actually "see" is reflected solar 
radiation. The Goes satellite, perched 22,000 miles 
above the earth, takes pictures of our’ planet’ every 30 
minutes. This allows a synoptic view which can be, as in 
this case, animated to show us the motion of air masses 
throughout the western hemisphere. The Goes east 
satellite is one of two observing the United States. A 
total of five geosynchronous satellites map cloud and 


aerosol patterns worldwide. 


One can appreciate the value of time-lapse satellite 
images from this sequence showing tornado producing 
cloud formations over the midwest. The animation reveals 
the tremendous complexity of atmospheric motions. Air 
flows at low levels and in the upper atmosphere are 
really quite different. To predict long range pollution 
transport, it is necessary to understand the temporal and 


spatial variability of atmospheric motions. Many times 


we can indeed observe aerosol clouds in the atmosphere. 
This sequence reveals smoke from forest fires north of 
Los Angeles. A time lapse over a seven hour period shows 
tremendous quantities of smoke drifting several hundred 
miles out into the Pacific Ocean in what can certainly be 
called long range transport. And this smoke clearly has 
no regard for boundaries of any kind and certainly not 


Alt pollution. Control district borders. 


It is realy no wonder that the Goes satellite 
detects these haze-laden air masses. Flying at 10,000 
feet above a PEPE in an aircraft, the aerosol 
concentration below is so dense that the ground is barely 
visible. Large amounts of the sun's radiation is being 
reflected back into space, to be monitored by the 
satellite's sensors. There is considerable promise that 
a satellite-based system can routinely monitor such large 
scale pollution movements. But they don't always, 
however, move from-west to east as the textbook might 
lead us to believe. Of course there is the jet stream, 
that high speed current of air aloft at approximately 
30,000 feet. True enough, it generally flows from west 
to east. Its main function, as far as we are concerned, 
is to direct surface weather systems such as high and low 


pressure systems. 


Let's examine a typical migratory high pressure 


system. The low level airflow travels in an anticyclonic 


or clockwise manner. Thus large areas within a high 
pressure system will experience pollution transport 
clouds with a component from east to west. Research 
programs have documented air mass trajectories traveling 
in a wide variety of directions from Pennsylvania to 
Florida, from Indiana to Minnesota, and from the Ohio 
Valley into Ganada. «lim Eact,.,ain (and pollutants) on any 
given day can travel in any particular direction. 
Therefore, we should rid ourselves of the notion that ALY 
only travels from west to east. It may travel north to 
south, south to north, west to east, or east to west. 
Thus, one of the major tasks in understanding long range 
pollution transport is to predict exactly where the air 


is going with respect to the various emission sources. 


In this common type of PEPE episode, air circulates 
around a high pressure system moving through the Great 
Lakes. It passes through Pennsylvania, Ohio and West 
Virginia southwestwards into the lower Mississippi Valley 
and then makes a vitae back through Iowa, Minnesota and 


into Canada. 


A major episode in June and July of 1975 followed 
this pattern. Computer models have been developed by EPA 
and its contractors to relate sulphur dioxide emissions 
and meteorolgical conditions to resulting sulphate 
aerosol concentrations. On this particular day, the 


computer predicted the pattern seen here. A look at an 


enhanced satellite photograph taken on this day did 
indeed reveal a large hazy, milky white cloud of aerosols 
in roughly the same position as predicted by the computer 
Simulation. Surface visibilities in the hazy region are 
reduced to 7, and 5, and then 3, and even as low as 2 
miles in portions of western Missouri and Iowa, as a 
result of circulation around the backside of the high 
pressure system. Peak hourly ozone values over 160 parts 
per billion were recorded where the diamonds are 
displayed. The few scattered sulphate reports available 
at the time once again found the highest concentrations 


in the low visibility highly ozonated air. 


Most revealing perhaps, is an animation of the 
satellite imagery on this day. We start in the morning 
and go into the evening, repeating the cycle many times. 
The high pressure system is centered over the Great 
Lakes, thus the air flows through the Ohio and Tennesse 
Valleys roughly from the northeast to the southwest. 
Clouds of aerosols are drifting, in this case, as far 
west as central Oklahoma and eastern Kansas. And in this 
close-up of Missouri, an apparently “clear Spot" is 
drifting southwestward. This appears to be the 
signature, the “footprint™ if you will, of a washout 
hole, the result of thunderstorms 12 to 24 hours 
earlier. Falling rain removed large quantities of the 
sulphate and other aerosols in the polluted layer °near 
the ground. The same process is ongoing at this moment 


in Louisiana. 
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Most revealing perhaps, is an animation of the 
satellite imagery on this day. We start in the morning 
and go into the evening, repeating the cycle many times. 
The high pressure system is centered over the Great 
Lakes, thus the air flows through the Ohio and Tennesse 
Valleys roughly from the northeast to the southwest. 
Clouds of aerosols are drifting, in this case, as far 
west as central Oklahoma and eastern Kansas. And in this 
close-up of Missouri, an apparently "clear spot" is 
drifting southwestward. This appears to be the 
signature, the "Footprint" if you will, of a washout 
hole, the result of thunderstorms 12 to 24 hours 
earlier. Falling rain removed large guantities of the 
sulphate and other aerosols in the polluted layer near 
the ground. The same process is ongoing at this moment 


in Louisiana. 


Observe the northern end of this air stream flowing 
through Iowa and Minnesota. A strong southerly flow of 
air into the Gopher State produced the highest ozone 
values ever recorded there. Highly turbid air 
(visibilities 2-4 miles) are here seen being injected 
into a large complex of thunderstorms over northern 
Minnesota. Those aerosols which did not become involved 


in the precipitation crossed the border into Ontario. 


While the chemical and meteorological processes we 
have witnessed are very complex, even greater 
difficulties arise as we try to consider the effects of 
long range pollution transport. What are the impacts on 
our quality of life, our aquatic resources, and other 


environmental factors that are clearly of great concern? 


Pollutants subject to long range transport, as well 
as Uacid rain, fave perhaps’ some demonstrable impact on 
agricultural and forest resources. Yet to quantify this 
remains a very difficult task. What are the effects of 
month after month, year after year of exposure to fine 
particulates...which include sulphate aerosols...on human 
health? This is yet another area where more information 
is needed. What about the possibility of these hazy air 
masses affecting our weather? This particular hazy band 
stretches across central Florida, and is here shown 
computer enhanced. It was sufficiently dense as to 


reduce solar heating of the ground so that bater- in tne 


afternoon, thunderstorms formed over northern and 
southern Florida, but not beneath the haze region over 
central Florida. This is a graphic example of 


inadvertent weather modification. 


But, of course, as mentioned before it is acid rain 
that is of primary concern. In this particular episode 
in, JULY »Riomeyva massive PEPE is seen to stretch from the 
Appalachians eastward. Thunderstorms along a cold sErone 
moving in from the northwest are ingesting this polluted 
air, and presumably are resulting in acid deposition at 
the surface. Unfortunately, while the basics. of the 
mechanisms are understood, there is a tremendous amount 
of detail yet to be learned about wet removal of 
pobiutantss) ,j resis ta long way from the smoke stack oO the 


rain gage. 


How do aerosols seen in the satellite pictures 
actually become involved in the precipitation 
mechanisms? Do they form the rain droplets? Are they 
scavenged by falling rain and snow beneath the clouds? 
We don't know all of the answers. One thing is certain, 
however, large numbers of extremely careful precipitation 
chemistry measurement must be made. We must also better 


understand the meteorology of long range transport. 


Here is, perhaps, one of the most powerful tools in 


this effort. This is an antenna listening to the Goes 


satellite data being transmitted to MC IDAS, (the Man 
Computer Interactive Data Access System). MC IDAS is 
located at the University of Wisconsin in Madison. The 
MC IDAS system constantly ingests Goes satellite data in 
order to process, enhance, display and animate it. The 
software, which was developed over a ten year period by 
the space science engineering center staff, allows the 
scientist to overlay all available surface and upper air 
meteorological data on the satellite images in 
real-time. Thus, the potential exists to routinely 


monitor the movement of PEPE's. 


This is the video display screen of the MC IDAS 
system. At 2030 Greenwich mean time on 26 August, 1976, 
the computer overdraws the geographic boundaries. We can 
see a portion of a large PEPE stretching eastward from 
the middle Atlantic States into the Atlantic. The MC 
IDAS system allows us many analysis options for 
interacting with the raw digital satellite data that 
created this picture. By measuring the brightness of the 
air in this hazy region over water, We find seventy to 
eighty digital brightness counts (scale runs from 1 to 
256). The hazy air is as bright as a thin cirrus cloud. 
But if we go south of the polluted air mass, over the 
dark water in the high visibility ares near Cape 
Hatteras, We aakenore only 40 digital brightness counts. 
The same is true of the relatively clean air just south 


of Long Island. Thus, the PEPE produces a very distinct 


and measureable signature. It is quite possible to make 
quantitative measurements of the amount of reflected 
sunlight, and presumably, estimate the total burden of 


aerosol in the air. 


Take this example in May, 1978. A hazy area was 
detected moving through western Wisconsin and Minnesota, 
apparently associated with pollution transport. The 
computer here plots the current temperature, (in 
centigrade) and. we find it to be a moderately cool spring 
morning. Surface wind stream lines show that a high 
pressure system in northern Wisconsin is reaching down 
into the Ohio Valley where presumably the airstream has 
accumulated air pollutants. These then return northwards 
in the clockwise circulation, passing through Minnesota 
and western Wisconsin, and continue northeastwards over 
Lake Superior. Double checking the 5,000 foot wind 
field, we find the same cross-Lake Superior air flow is 


present. 


Thus, it is now possible to use satellites to 
routinely detect areas of low visibility air. In this 
example the "clean" air over Lake Superior had 15 miles 
visibility, whereas within the turbid region (portions of 
Minnesota) it was only three to five miles. Hereafter, 
fronts can no aeons be construed as only discontinuities 
in temperatures and moisture content, but also, 
pollution. The satellites are especially useful in 


tracking polluted air 


masses over water - where measurments are scarce or Non~ 
existent. The satellite images raise a most intriguing 
question...just how far can these polluted air masses 
travel? In this animation sequence, a polluted air 
stream leaves the middle Atlantic states and travels 
northeastward, far over the Atlantic ocean. In 1980, 
during the PEPE program, MC IDAS was able to track one | 
such polluted air mass to at least 40° west 


longitude...oOr half the distance to England. 


We would like to acknowledge those who have made 
this tape possible, especially the Environmental 


Protection Agency/Regional Field Studies Office. 
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Introduction 


Sulphur dioxide (SO) and the nitrogen oxides 
(nitric oxide, NO; nitrogen dioxide, NOj) are 
relatively reactive gases which are released into 
the atmosphere by a variety of anthropogenic and 
natural sources. Interest in these atmospheric 
impurities has grown in recent years as it became 
clear that they are oxidized in the atmosphere to 
sulphuric acid (H 2S0q) and nitric acid (HNO3). 

These strong acids are believed to be largely 
responsible for the problem of “acid fain": which has 
been identified in recent years. AS a result of 
very extensive laboratory and field work, a great 
deal has been learned about the chemical and 
physical processes which control these 
transformations. Many of the pathways are 
homogeneous; that is they occur by reaction between 
molecular species in the gaseous phase of the 
atmosphere. Others are heterogeneous in nature in 
that the gaseous pollutants S092 and NO z dissolve in 
rain water, cloud water, surface water, in the 
Solutions of aerosol droplets, or they react on ‘the 
solid particulate matter present in aerosol form in 
the atmosphere. Solution phase or surface reactions 
of SO 7 and NO with other impurities may also result 


in their oxidation with acid formation. 


Abundant evidence shows that both homogeneous and 
heterogeneous pathways of SO and NOyg oxidation occur in 
the atmosphere. The rate and the extent to which they 
Secur and lead to “acid’rain"™-within the environment 
depend on a great variety of factors, many oOf.whuch-are 
well understood while others remain unresolved today. In 
this brief review no attempt could be made to discuss at 
length or reference all of the very extensive literature 
which bears on this complex subject. Only those factors 
which the author feels are key to our understanding of 
the problem will be discussed here. The equally complex 
and important problems of quantifying the rates of dry, 
and wet deposition of NO2, SOQ, HNO3, and H250q,r rain out 
processes, and neutralization of the acids by ammonia 
(NH3) and other basic compounds are not considered here. 
The conclusions concerning the chemistry of "acid rain" 
formation are necessarily tentative, and they represent 
the author's evaluation of the vast and often conflicting 


literature in the area. 


Dr The Tropospheric Chemistry Which Leads to the 


Homogeneous Oxidation of SO9 


A number of potentially important homogeneous Pro 
cesses for SO atmospheric oxidation which are favored 
thermodynamically have been found to be extremely slow 


reactions under uncatalyzed conditions; the reactions of 


SO» with molecular oxygen (07) and ozone (03) are in this 


class.1 
2505.-t 97 “72508 a 
S05 + 03 -> S03 + 04 Gaza) 
S03 + H30 -? H7504 a) 


Sulphur dioxide absorbs a significant fraction of the 
sunlight (wavelengths below 4000 A) which penetrates into 
the troposphere. Although the rate of generation of 
excited electronic states of SO» RES cvery significant 
during daylight hours within the troposphere (rates up to 
L3$/are wi cle tne *sun directly overhead), the quenching of 
these non-dissociative excited states of SO by the 
atmospheric gases leads to very little net oxidation of 
SO7- Thus the quenching by molecular oxygen appears to 
result only in electronic energy transfer with the gener- 
ation of excited singlet oxygen molecules (1¥ yt, 5Ago 
which are ineffective in oxidizing SO» at the atmospheric 
levels produced in this and other reactions. A variety 
of extensive laboratory studies show clearly that only a 
very small fraction of a percent per hour of the total 
SO» impurity present in the atmosphere is oxidized as a 
result of the photochemical processes intiated by the 


direct sunlight absorption of SO>.1 


Laboratory and field experiments have shown that a 


number of highly reactive, transient species are 


generated ina sunlight-irradiated lower troposphere by a 
complex series of photochemical and thermal reactions 
which are well characterized. Among these species are 
many which have the thermodynamic potential of oxidizing 
SOj in the gas phase: excited molecular oxygen, 02(14g)s 
02(l¥g+); ground state and excited oxygen atoms, 0(3P) 
and o(lp) respectively; nitrogen trioxide, symmetrical 
NO3 and ONOO; dinitrogen pentoxide, N205; hydroperoxy 
radical, HOj; alkyl peroxy radicals such as methylperoxy 
(CH302), tert-butylperoxy (t-C4Hg02)* etces acylperoxy 
radicals such as acetyl peroxy (CH3C002); hydroxy 
radical, OH; alkoxy radicals such as methoxy (CH30) + 
ethoxy (C2H50), etc.; Criegee intermediates of the ozone 
molecule reactions with the alkenes such as CH 909 formed 
an the O4-CoH,4 system. The rate constants for the 
reactions of many of these species with S02 have been 
determined, reasonably accurate estimates can be made of 
the tropospheric concentrations of these transient 
species, and the potential significance of certain 
reactants can be calculated readily. In the most 
detailed of the current evaluations, Calvert, et abit 
concluded from the evidence at hand that the species, 

09 (1g) C2(t£gt): 0(1p), NO3, ONOO, N20s, t-C4H902. 
CH3C002, and CH30, have rapid alternative pathways of 
decay which exclude significant interaction with SO, in 
the ambient troposphere. However, they recognized that 


several other species could contribute measurably to SO, 


oxidation. These include the species, 0(3P), HOg,r CH392, 
OH, and CH 709 (and its analogous higher homologues from 

03 reaction with propylene, butenes, etc.)- More recent 
experimental evidence allows a more definitive evaluation 


of these agents as SO? oxidizers. 


Recent published results related to the SO7 system 
support the view that the OH-radical reaction with SO> is 
the most important homogeneous mechanism of SO9 removal 
in the troposphere. In this case the oxidation of SO» 1s 
initiated by OH-radical addition to SOz in the elementary 


reaction (4): 


HO + SO (+M) -> HOSO2 (+M) (4) 


The subsequent detailed reactions of the HOSOj-radical 
product of (4) are open to some question, but there is 
little doubt that jSO4 will be formed as the major 
ultimate product following this rate determining step. 
Laboratory studies have provided us with quantitative 
measurements of the rate constant, kq = (1-1 + 0.3) x 
19712 ee molect+see7+ at 25°C and pressure near 1 
atm.t,377. The reaction has a small negative activation 
energy (Ea, = -1.5;/ -2.8 kcal/mole®), and hence the rate 
constant increases somewhat with decrease in temperautre; 
foiexanplemiaty0eC ands), atm Pressurss ka ls F063) 


x 10712 cc molec7tsec7!. From the existing rate constant 


data we can derive the approximate relation (5) for the 
rate (%/hr) of SOz oxidized by the homogeneous reaction 


(4) in the troposphere: 


Rate S09 


jeidation in. (4y.= (OH). (1.06, % 1H Set USOT) Pe fir. FS) 


Here the (OH) is in units of molec/ec.,.. Thus if the (OH ) 
is known the rate of SO oxidation by (4) can be 


calculated. 


The OH-radical concentration in both the clean and 
the polluted troposphere has been estimated by 
theoretical and experimental methods. Although the 
monitoring of the important OH-radical in the troposphere 
is far from routine today, there is considerable direct 
evidence which defines reasonably well the magnitude of 
the tropospheric (OH) under a variety of conditions. 
Experimental techniques include the methods of chemical 
reaction using 14c-1labeled carbon monoxide, ® transmission 
spectroscopy, 2~11 laser induced fluorescence,+2,13 and 
atmospheric removal rates of specific hydrocarbons in the 
troposphere. 14-18 Theoretical estimates of the 
OH-radical levels have been made from a variety of 
computer simulations of the comp lex chemistry which 
occurs in both the clean and polluted troposphere.l? Ge 
one discards the early laser fluorescence measurements in 


which generation of the OH-radicals through ozone 


photolysis within the exciting laser beam was 
significant, all current, limited experimental data are 


in reasonably good accord with the theoretical models. 


Typical values anticipated for (OH) in the 
hydrocarbon-nitrogen oxide-polluted lower troposphere at 
40°N latitude reach a maximum of about 9 x 106 molec/cc 
for summer noontime, and about 2.4 x 10© in winter. 
These values are expected to fall with.decreasing solar 
intensity, reaching levels of less than 2 x 10° during 
the nighttime hours. In rural tropospheric air the (OH) 
may climb to about 8 x 10© molec/cc at summer midday, 4.2 
x 106 in winter, and in each case it falls to low values 
at night. The (OH) is sensitive to’ the solar” zenith 
angle (latitude, day of the year, time of the day), 
temperature, levels of impurities (such as NO, NO9, 
hydrocarbons, aldehydes, etc.), and the extent of cloud 
cover and aerosol attenuation of the solar ultraviolet 


reaching the parcel of air. 


From the "typical" (OH) values cited and the 
equation (5) we can estimate that SO oxidation rates 
through reaction (4) alone may be up to 3.6%/hr at the 
1200 hour in summer and about 1%/hr in winter, while 
rates from this reaction are expected to fall below 
O.2¢7hr*00r ing the nighttime see Obviously the 


homogeneous oxidation of SO by reaction (4) can provide 


an important contribution to the sulphuric acid formation 


in the atmosphere. 


In addition to the oxidation of SO, by OH-radicals, 
there are several other homogeneous processes which, may 
also contribute measurably to the atmospheric oxidation 
BL SO5 for certain conditions. These include the 


following reactions: 


0(3P) + SO (+M) -> SO3 (+M); (H20) -> H2S0q (6) 
HO» + SO2 -> OH + SO3; (H20) -> H2504 (7a) 
-> HO2S03 --->H2S04 (ultimate product) (7b) 

CH305 + SOz -> CH30 + S037 (H20) -> H2504 (8a) 
-> CH,0,SO05 - -> H5SO,(ultimate product) (8b) 


CH 204 + S045 -> (CH309S09) -> CH 0 + SO3; (H 20) ->H5S04(9) 


The rate constant k¢ for the O(3p) reaction with M = 
N5/O0> at 1 atm, 25°C has been evaluated! as (5.7 + 0-5) x 
10-14 cc molec-lsec-1. Reasonably accurate theoretical 
estimates of O(3P) can be derived for various 
atmospheric conditions from a knowledge of the precursor 
O03 and NO» molecule concentrations, the quantum 
efficiences of O-atom formation as a function of 
wavelength, wavelength distribution of sunlight within 
the troposphere, and rate constant: estimates for the 
dominant O-atom reaction, O + O97 (+M) -> 03 (+M), in the 


troposphere. These estimates show that usually less than 


Se en 


0.01%/hr. oxidation of SO» can occur from reaction (6) 
for the normal conditions encountered in the lower 
troposphere. In theory the reaction (6) can provide a 
burst of S03 (HjS0O4) formation in a sunlight-irradiated 
plume which is initially rich in NO, NOj, and SO2- Thus 
with initial concentrations: (NO) = 500ppm, (NOy) = 
20ppm, (SO7) = 500ppm, and (02) = 1 x 10° ppm, the 
instantaneous rate of SOyz oxidation by (6)2 can be as 
high as 1.4%/hr.1+ However the rate of (6) falls very 
quickly as dilution of the plume gases occurs. Thus we 
can concude that (6) is not a major source of H2SOq in 
the troposphere. The latest experimental data29,21 
related to reaction (7) negate the previous higher 


estimates for k7 derived from less direct experiments. 22 


HO> + SO7 > HO + S03; (H20) -> H2S0, (735 


J HO»7S09 - - -? H2SO4 (ultimate product) (7b) 


They suggest upper limit values of k7 2 x 10717and 1 

x 10718 ce molec7tsec71- It can be shown that for 

all reasonable conditions encountered in the troposphere 
the normal (HO») is below 6 x 10? molec/cc, and hence the 
oxidation by (7a) and/or (7b) must be unimportant 


compared to (4). 


Rate constants related to the methylperoxy 
radical-SO> reaction (8) have been the subject of several 


recent studies. 23729 


CH30> + SO2 -) CH30 + SO3 - - -? HpS04 (8a) 


-) CH309S09 - - -? H2SOq4 (ultimate prod.) (8b) 


The apparently conflicting results of experiments from 
flash photolysis and low steady intensities appear to be 
rationalized well in terms of the occurrence of reaction 
fab) with Kala = (1.4, +..0.2) x, 20714 ce molec™tsec™+ 

at 25°C. However regeneration of the CH30) radicals may 
occur in (10) or, in the presence of NO and NO competi- 


tive reactions (12)-(14) can lead ultimately to acid 


formation: 

CH305509 -? CH305 Be S09 (10) 
CH305S04 3 O47 S CH30750909 ( Bly} 
CH309S50909 +INO CH307S090 ae NO9 G2) 
CH 3075090 -7? CH305 + SO3; (H 30) -? H5SO04 ie3} 


CH309S0905 + NO 5 S$ CH 305500 5N04 oe -?7 H5SO4,HNO3, 


eco.) (14) 


The extent to which CH305 leads to the net oxidation of 
SO» is expected to be a complex function.of the concen- 
tration of peroxy radicals, SO2, NO, NOg and possibly 
other impurity species- At this writing a quantitative 
evaluation of the rate constants for the competitive 
reactions for CH302S02 is not available. For the 
purposes of our discussion here, we cannot establish the 
importance or unimportance of the SO9 oxidation by CH302 
in an NO,-hydrocarbon-polluted atmosphere, but further 


kinetic information is required to evaluate its role. 


AB i das 


There is abundant evidence that the Criegee inter- 
mediate involved in 03-alkene reactions (e.g., CH202 from 
O3 plus CHa) oxidize SO2 readily, presumably in reaction 


(9) 326-28 


CH705 + SOy “FP °CHYOFSOZ WHOS S038 (Hj0) -> H2SO4 


(94) 


In both the urban and rural atmospheres the rate of 
generation of these reactive species, CH202, CH3CHO2» 
etc., from O3-alkene reactions can be very significant, 
and the fraction of the CH202 which survive decomposition 
to react with impurity molecules is relatively large 
(about 37%). However experiments have shown that 
competitive reactions of the CH202 species occur with 
other impurities often present in the lower troposphere 
(e.g., CH20, CH3CHO, etc.), and reaction with NO seems 


likely as well. 285 


GH OOo + CH20s-2 OCH IOCHIOr= 7 HCOOCH 70H €15) 


CH707 + NO -> (CH202NO) -> CH20 + NOQ (16) 


Present data show that when the (CH20)/(SOz) ratio is 
less than about 4 then reaction (9) is favored over 
(15). However the ratio of kj¢/kg is unknown today, So 
the rate Of CH202 oxidation of S02 in the NO-polluted 
troposphere cannot be estimated. It seems probable to 
the author that reaction (9) does occur significantly, 


especially in aged air in which the (NO)/(NO5) ratio 


and/or the NO concentration is very small. Obviously 
dark reactions of 03 with the alkenes will continue to 
occur during the nighttime hours, and SO» oxidation by 
the homogeneous process (9) can continue as a unique 
route to H2S04 when (4), (6), and (8) have practically 
reased to occur in the absence of sunlight generation of 


Pre no, O(Pi, and cH30> radicals. 


In summary the minimum rate of SO oxidation by 
homogeneous gas phase reactions can be derived well from 
our current knowledge of the reaction rate constant for 
reaction (4) and the OH-radical concentration in the 
troposphere estimated both experimentally and theor— 
etically. These minimum rates of SO 7 oxidation to H5S04 
amount to about 1 to 3. os7hr) Tor noontime during winter 
and summer, respectively. The rates track the solar 
intensity roughly, falling to near zero at night. 
However additional S99 oxidation by CH302, CH292 
(CH3CHO92, etc.) may add other pathways for SO conversion 
to H7SO4; these cannot be evaluated quantitatively at 


this time. 


3% The Homogeneous Oxidation of NO and NO? 


in the Troposphere 


The conversion of NO to NO» in the troposphere is 
relatively slow by way of the termolecular reaction (17) 


when NO is in the ppm concentration range. 


2NO + 09 - 2NO5 : hE), 


However during the early stages of dilution of an auto 
exhaust or a stack gas rich in NO (about 500 ppm), the 
reaction: (17) can convert NO’to NO5 at a rate as’ high ds 
15%/minute.!9h Oxidation of NO to NO» proceeds rapidly 
in a sunlight-irradiated NO,-hydrocarbon-polluted 
troposphere as a result of the reaction of hydroperoxy 
(HOz), alkylperoxy (ROj), and acylperoxy (RCOOj) radicals 


formed in a complex series of reactions.19 


HOg ot NO; -7 HO or NOs cre) 
ROD) + ONO -—> RO NOD C5) 
BEOOD + NO -7-RCO> 7 NO5 (20) 


The dominant homogeneous reaction of NO» in the 


troposphere is that with the OH-radical: 
HOw NO> (C+). --7 “NOs (-+6) (21) 


This leads to the strong’ acid, nitric acta, (HNO, ).. Ine 
rate constant for (21) is significantly larger than that 
for (4) involving S05 dnd OH; recent “data “suggest=k5] = 
(1.2 0.1) x lo7~11(7/298)-1-6 gor M = No/05 near 1 
atm.29-3l the rate of conversion .of NO to HONO, in 
(21) is fast for the common OH-radical concentrations 
encountered in the troposphere. Using the rate constant 
data referenced above, we derive the useful relation 


PERE gy WE 


Rate NO»z Oxidation 


iy ay (0H Ya 4o 3 oe 10 010/298) Oy B7he. 122) 


Here (OH) is again in molec/cc units. Thus maximum rates 
evpical ‘for .the polluted troposphere at noon time (40°N 
latitude) are about 39%/hr in summertime and 40% Zar sin 
winter. For the rural lower troposphere at noon about 
34%/hr is expected in summer and about 18%/hr in winter. 
As with the SO, one can anticipate that the NO» rates in 
(21) will. drop precipitously, during nighttime hours and 
follow roughly the (OH) variation with change in solar 


intensity during the daylight hours. 


The homogeneous formation of HNO3 through the 
reaction sequence involving 03, NOj2, and N90, (reactions 
23-25) is expected to be less important than that 
produced in (21), since N90. levels are normally very low 


and the homogeneous reaction (25) is very slow:32 


Does NO 9 -? NOS) ot O72 C23.) 

NO3 - NO9 = N905 (24) 

N50c + H20 -7 2HNO3 io 
4. The Heterogeneous Pathways of SO 


Oxidation in the Troposphere 


A variety of evidence supports the current consensus 


that heterogeneous processes involving SO z may also be 


important pathways leading to H»SO4 LOLMaciOne. ace 
example, the very high rates of conversion of SO z which 
have been observed in some field measurements cannot be 
explained by the recognized homogeneous chemistry alone. 
Also the 185-content of the atmospheric sulphate 
(aerosols and rain water) suggests that heterogeneous 
oxidation of SOz in the liquid phase may be the dominant 
sulphate forming mechanism associated with 

precipitation. °° Laboratory studies over several decades 
show clearly that the oxidation of SOj to form the 
sulphite ion can occur in the liquid phase by several 
reasonable and seemingly important processes involving 
O07, 03, and H202 as oxidizing agents. Penkett, et al.*3 
concluded from their studies and a review of the 
literature on these systems that H209 may be the most 
important oxidizing agent for sulphite ion-containing 
droplets of cloud water or rain water in the atmosphere. 
Gas phase concentrations of H505 of several ppb and H 09 
concentrations in rain water of several hundred ppb have 
been observed. 347-37 The very high Henry's law constant 
for H207 in water is consistent with the observed buildup 
of H209 in the aqueous phase. There are recent rate data 
on the H907-sulphite ion system from several 

sources. 33738-40 Illustrative calculations using these 
data22 show that for a cloud containing gaseous SO? at 
the 5 ppb level, gaseous H50> at 1 ppb, and 0.3, mLsot 


water per m3, a relatively enormous rate of sulphite 


oxidation (2.6%/min) is anticipated. For such conditions 
the rate of reaction in a cloud or fog can be limited by 
the rate at which SO, can dissolve into the water 
droplets. For a typical droplet radius of 10 microns for 
the conditions cited above, the conversion rate was 
estimated to be about 2.1% per min. Obviously if Hj05"is 
commonly present at levels seen in some cases, then this 
pathway to H)SO04 generation can be very important in 


droplets. 


A combination of lower Henry's law constants for O05 
and 03 in H90, the lower rate constants for their 
oxidation of sulphite ion, and the inhibition of the 
reaction by acid product formation, leads to a less 
important role than that for Hz07 for these reactants in 
the atmosphere. However under certain conditions 03 at 
common ambient levels can be a significant reactant gd 


sulphite oxidation in solution. 33 


It is not possible at this time to define meaningful 
quantitative relationships from which we might estimate 
the rate of SO» transformation to HjS04 by these 
heterogeneous processes in cloud or rain water; our 
knowledge of the H909 concentration and its distribution 
in air masses and cloud water is very incomplete today. 
However the presence of H202 in the atmosphere is both 
observed experimentally and expected theoretically. It 


is well established that H207 is a product of the 


ate = 


homogeneous disproportionation reaction between HO2 
radicals, reaction (26), and the hydrated HO? radical, 


reaction (28) ;41-46 


HO» + H20 2 HO7.H0 (27) 


Other sources of H207 in the atmosphere can be suggested 
as well, but there is little evidence to firm up the 
significance of these alternative pathways. Simulations 
show that the reactions (26) and (28) can provide the 
bulk of the Ho95. seen, in, the atmosphere. The precursor 
HO> radical.ds generated in sunlight-irradiated rural and 
polluted urban atmospheres in a series of reactions 
involving hydrocarbons and alkoxy radicals derived from 
them. The HO» radical reaction with NO in (29) dominates 
over its reactions (26) and (28) in atmospheres highly 


polluted with NO. 


HO» + NO > HO + NO? (29) 


However in aged "smog" or polluted air masses in which NO 
is largely converted to NO, H209 formation in (26) and 
(28) becomes a major sink for the HO) radical, and 
significant H20, product is expected. 19i In this case 

we see an important reactant for the liquid phase 


heterogeneous oxidation of SOj is controlled by 


homogeneous gas phase reactions which are themselves very 
dependent on solar intensity, water vapor content, and 
various pollutant concentrations (NO, NOyz, hydrocarbons, 


aldehydes, 03, etc.). 


The uncatalyzed liquid phase oxidation of SO, by 
molecular oxygen (Oj) appears to be non-competitive with 
those involving Hj09 and 03, although some scientists 
conclude that it is important in neutral and weakly 
acidic solutions sometimes encountered in the 
atmosphere.47,591,60 In any case the metal catalyzed 
solution phase oxidation of sulphite by atmospheric 0, 
can contribute to sulphuric acid formation under certain 
circumstances. 48 For example, the strongest 
correlation with measured rates of oxidation of sulphite 
in rain water samples collected in England was found 
between the concentration of dissolved manganese salt in 
the samples. It appears to this author that the 
ion-catalyzed solution phase oxidation of SO z may be less, 
important generally than solution phase oxidation by H 202 
and 03, although peculiar circumstances (e.g., near stack 
sources, absence of efficient particulate removal 
equipment at the source) which enhance the metal ion 
concentration in emissions, may lead to significant 
oxidation by this pathway, particularly in the early 
stages of plume dilution and under conditions of high 


humidity. 
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Laboratory experiments have shown that sulphur 
dioxide atmospheric oxidation may be catalyzed on a 
variety of solid substrates, including fly ash, dust, 
pure metal salts, and carbonaceous materials. The 
catalytic properties of combustion-produced soot 
(carbonaceous ) particles for S05 oxidation has been found 
to be enhanced in the presence of liquid water, 49 AnGMAG 
has been claimed that atmospheric SO5 oxidation through 
the reaction on carbonaceous aerosols can be a major 


contributor to atmospheric sulphate levels.°9 


Unfortunately the significance of the gas-liquid and 
gas-solid phase systems involving SOz Oxidation are very 
qitticude. coi tredt quantitatively in atmospheric modell- 
ing in that the exact nature of the aerosol reactants is 
usually not known, and the reactions are often sensitive 
to changes in surface and bulk composition, acid 
formation, inhibition by certain atmospheric impurities, 
etc. However, realistic attempts to include such 
reactions in atmospheric modelling efforts will be 
required in order to properly rationalize acid formation 
rates under conditions of high aerosol loading, high 
humidity, in cloud water, rain water, and during the 


nighttime hours. 


oe The Possible Heterogeneous Involvement of the 
Oxides of Nitrogen in Acid Formation in the 


Atmosphere. 


There are strong indications that nitrate formation 
in atmospheric aerosols may involve some heterogeneous 
reactions of the oxides of nitrogen. One cannot discount 
HNO 3 formation from the homogeneous pathway, reaction 
(21), but the incorporation of gaseous HNO3 into aerosols 
composed largely of H7S0q4 solutions requires the 
formation of NH4NO3 (significant NH3 level required) or 
some other less volatile or more stable Sabie s am ioneces. 
and Seinfeld?! found that theoretical equilibrium values 
of nitrate in aqueous solution in the presence of sodium 
chloride, nitiric oxide, nitrogen dioxide, sulphur 
dioxide, carbon dioxide, ammonia, and Sui phuric. acia., Cat 
typical urban levels) are of the order of those observed 
in urban atmospheres. The reaction (30) was itera to 


be the major route to nitrate aerosol generation: 
2N03(g) + H20(1) -? Ht+(aq) + NO3~(aq) + HNO2(aq) (30) 


Recently Lee and Schwartz-2 have measured the rate 
constants for reaction (second order in NO?) under 
conditions cok os the atmosphere, and the results 
sow that nitric acid from this source could be 


jnificant. 


There are a number of studies in which an evaluation 
of the effect of NO, NO2, HNO2, and HNO3 on the 
heterogeneous oxidation of SO» was made. Durham, et 
al.,°93 have concluded from a simulation of below cloud 
rain events that gaseous nitric acid may control 
acidification in the early stages of the event. The HNO3 
is removed from the atmosphere by rain water much more 
rapidly than is SO7. It may inhibit SOy oxidation by 03 
in rain droplets, although oxidation by H909 is much less 
affected. They concluded that the reaction (30) was not 
an important source of HNO3 in a subcloud scavenging rain 
event. Numerous other recent experimental studies point 
to the potential role of NO, NOz, and HNO3 on SO9 
oxidation on” carbon particles.°4 N50 appears to be one 
of the products of this system which may be derived from 
further reactions of a primary product, hydroxylamine 
disulfonate. Nitrite and sulphite ions react in solution 
to give this product. °> NO» on carbon surfaces can also 
AOtireO 2Oxdid1 Ze SO9, presumably through the net reaction, 
NO> + SO -> NO + S03.°44/54D Active site poisoning 


was seen at high reactant concentrations. 


Barbaray and co-workers°© have reported the 
NO5-H20-enhancement of SO oxidation on V3202 particles. 
Nash27 found that NOz added to solutions of transition 
metal ions enhanced sulphite oxidation rates. These 


observations are by no means exhaustive, but they should 


serve to illustrate the extreme complexity and the 
seeming importance of heterogeneous reactions leading to 
the oxidation of the oxides of nitrogen, and synergistic 
effects of NO, addition on heterogeneous SO oxidation 


systems may be common. 


6. Summary 


There can be no doubt today that the atmospheric 
chemistry of S92, NO, and NO results in the generation 
of sulphuric and nitric acids in the environment. The 
fraction of this conversion which occurs by homogeneous 
and heterogeneous processes remains unclear today. [t 
can be well demonstrated that the homogeneous oxidation 
of both SO and NO» by OH-radicals occurs at significant, 
theoretically predictable rates during the sunlight hours 
withinsethe troposphere. Other homogeneous processes 
involving 0(3P), CH309, and Criegee intermediates such as 
CH207 may also contribute significantly for certain 
conditions; see sections SB and Cc. ine observed rates of 
transformation of SO 7 to sulphate aerosol within well- 
defined power plant and smelter plumes are often in the 
range 0.2-4%/hr.>? These rates are of the magnitude of 
those anticipated theoretically from the occurrence of 
the homogeneous, oH-radical mechanism Of S05 oxidation 
alone. However much other laboratory and field data 


point to the significant participation of heterogeneous 


oxidation pathways for SO, oxidation processes, 
particularly in cloud and rain water and in atmospheres 
with heavy aerosol loading. Of probable major importance 
are the pathways involving SO9 absorption into cloud 
water and rain water with subsequent liquid phase 
oxidation by H209, 03, and possibly O09 (metal ion 


catalyzed). 


The task of complete simulation of sulphuric and 
nitric acid development in a dynamic, real tropospheric 
air mass is a very difficult one. Unfortunately the 
known mechanisms of both the homogeneous and 
heterogeneous reaction pathways of SO z and NO» oxidation 
in the atmosphere exclude as a reasonable practice the 
use of first order conversion terms to describe these 
complex chemical processes. However, in some models of 
atmospheric transport and transformation in use today 
such a highly simplified procedure has been adopted to 
Save computational time. It should be noted that the 
known homogeneous and heterogeneous processes which lead 
to sulphuric acid and nitric acid formation are not 
dependent on SO» or NO9 concentrations alone, but they 
are dependent on many other reactant concentrations in a 
complex fashion. Thus the OH-radical concentration which 
seemingly determines the bulk of the SO, and NO» 


homogeneous oxidation rates and also. indirectly vatfects 


the heterogeneous SO, oxidation reactions involving H202 


and 03, is a complex function of many trace reactant 
concentrations including hydrocarbons, NO, NO2, 
aldehydes, etc., as well as the. solar intensity... Only if 
the OH concentration were constant during the day and 
night would a first order homogeneous conversion rate of 
SO5 result. In so far as reasonable estimates of the 
OH-radical concentration can be made in a transported air 
mass, then reasonably accurate rates of formation of 
H»SO4 and HNO3 through (4) and (21), respectively, can be 
made. Until such time that more definitive experimental 
and theoretical treatments of the heterogeneous pathways 
can be made, it will be necessary to use some form of 
empirical parameterization of these processes in 
modelling attempts. Such methods cannot be of lasting 
value, and predictions based upon them will necessarily 
be of uncertain usefulness in development of predictive 


models and control strategies for Panta rai oe. 
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DESCRIPTION OF MOE STATISTICAL 
LONG RANGE TRANSPORT MODEL. 


1. INTRODUCTION 


This chapter describes a simple model used by MOE to provide acceptable 
estimates of long-term SO, and SO, concentrations associated with long-range 
transport. Using a numerically efficient statistical model Fisher (1978) has been 
able to compute sulfur deposition rates which are comparable to those obtained 
from models such as that developed by Eliassen (1978; see also Johnson et al., 
1978) which require eer eidarably more data input as well as computational 
effort. In a recent paper, Fay and Rosenzweig (1980) have shown that a simple 
analytical model based on the two-dimensional diffusion equation is capable of 
yielding SO, and SO, concentration estimates which compare rather well with 
measurements made over the United States. Thus, there is empirical evidence 
that simple models "work". The long-range transport model presented here is 
based on this idea. It incorporates useful features which represent improvements 


over ealier work. 


The model is statistical in the sense that the physics of transport is 
paramaterized in terms of statistical paratmeters. The basic premise of this 
class of models is that long-term concentrations are insensitive to short-term 
fluctuations in meteorology. It is assumed that concentrations averaged over 
periods of the order of a year reflect "mean" patterns of the large scale 
meteorology. This allows us to take a simple approach to the modeling of long- 


range transport. 


The model described here consists of two components, namely the 
scavenging and the dispersion submodels, each of which will be described 
separately. Then we will demonstrate the use of the model by comparing sulfur 
deposition estimates with measurements presented by Galloway and Whelpdale 


(1980). 


22 SCANVENGING 

The treatment of the removal of sulfur is similar to that proposed by 
Rodhe and Grandell (1972) and used by Bolin and Persson (1975) and more 
recently by Fisher (1978). However, the submodel is more "physically" based and 
it will be seen that it is capable of handling more general physical situations than 


those by the model of Rodhe and Grandell (1972). 


The model is based on the idea of classifying pollutant particles as "wet" 
and "dry". Wet particles exist during precipitation and dry particles during dry 
periods. On a long term, every travel time from a source is associated with a 
certain amount of dry particles and a certain amount of wet particles. Using 
this concept differential equations for the evolution of these particles as a 
function of travel time from the source are formulated. Before doing so, a few 
concepts will be clarified. Wet particles, released during precipitation, retain 
their identity until they encounter a dry period. Following Rodhe and Grandell 
(1972) it is assumed that the average rate of "conversion" from wet to dry 
particles is inversely proportional to the average length of wet periods in a 
Lagrangian sense. A similar assumption can be made regarding "conversion" of 
dry particles to wet particles. Further, it is assumed that the scavenging 


coefficients do not vary with travel time. However, they are different for wet 


and dry periods. If SO, is denoted by G and SO, by S, their evolution can be 


conveniently shown in Fig. 1. In the figure, 7refers to the SO, scavenging 
coefficient, k is the SO, to SO, conversion rate, Xr is the SO, scavenging 
coefficient, is the average length of wet or dry periods, and subscripts 'd' and 
'w' refer to dry and wet particles. It is seen that the 'species' G (dry SO.) is 
depleted through wet (het ) and dry deposition (A q conversion to sulfate (k @ and 
conversion to wet SO,(1/f). We also note that wet SO. is converted to dry SO, 
at a rate given by (l/T,). The evolution of Uiffate a a function of travel time is 
modeled in a similar manner. It is important to note that the particular form of 
the conversion from dry to wet particles or vice versa is based on the assumption 
that the cumulative frequency distribution of wet or dry periods is exponential 


(Rodhe and Grandell, 1972). From the diagram the equations for G and S$ are 


given as follows: 


G 
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If so, and so, denote the amount of SO, and SO), released at the 


source we Can write. 


(3a) 


(3b) 


In (3), f., and 8 are the fractional dry and wet periods at the release point. With 


(3) the solutions of (1) and (2) readily follow 
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Details of the solution are given in appendix. 


F. B. Smith (1980) has developed a scavenging model based on equations 
almost identical to 1-4. In his paper he provides considerable physical insight 
into the meaning of wet and dry periods which determine the particle "type" as 
used in our model. He also considers the effect of the variation of rainfall rates 
on the evolution of G and S. The significant conclusion of his study is that it is 
necessary to differentiate between mobile wet and dry synoptic regions in order 


to make realistic estimates of sulfur deposition. 


The formulation of the model enables one to specify different removal 
rates for dry and wet periods. This can be useful in sensitivity studies. For 
example, it is easy to test the recent hypothesis (McNaughton and Scott, 1980) 
that the SO, to SO, conversion rate is higher during rain than during dry periods. 
3. DISPERSION MODEL 

The long-term concentration C(r,t) at point r at time t can be written as 


(Lamb, 1980) 


hs t 
Craton ap plete. dt! (5) 


-0O 


where Q is the emission rate of the source located at « and p(r,t rot!) is the 
probability density that a particle released at - at time t' will be found at r at 


time t. If it is assumed that p can be expresses as 


p(r,tir.,t') = p(rir;t-t') (6) 


C(t) = Qf Plrisi7)d7 (7) 
O 
Note that 7 is the time of travel betwen r and Uae To proceed further it is 
assumed that scavenging and dispersion are independent. Fisher (1978) and Bolin 
and Persson (1975) have used this assumption in their models. This then allows 


one to express p as 


P(rir 37) . M(7)D(rlr.37) (8) 


where M(7) depends only on removal mechanisms and D(rlr 57) is a function of 
large scale dispersion. It is easy to see that M(7) corresponds to the functions 
G a oe io d and 3s, (See Eq.4) for unit release and is essentially the probability 


that a particle will survive after a travel time 


The dispersion function D(r! rT) will depend on large scale wind patterns. 
Bolin and Persson (1975) and Shieh (1977) have shown that the Gaussian puff 


equation is appropriate here 


26,2 


eee eat) ie Exp - Pex Teg (9) 
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where f(z, 7 ) describes the vertical dispersion. The parameters of the 
distribution x(7), y(T) are the co-ordinates of the mean particle position after 
travel time from the release point. The dispersion parameters 0 (7) and v7) 
correspond to standard deviations of particles about (x, 'y) after travel time 
from the source. These parameters can be determined from trajectory statistics 


as suggested by Bolin and Persson (1975). 


5. EMISSION INVENTORY 


Figure 2 depicts the distribution and relative magnitude of the points which 


comprise the sulfur oxides in this stndy. The emission data for the model was 
collected from several sources. In the northeastern sector of the U. S. it was 
complied from the EPA point source inventories (Benkowitz; 1979) and the GCA 
(consulting company contracted by EPRI) major point and area source records. 
The Canadian emission points except in Ontario were taken from the AES 
preliminary point and area source inventory (voldner et al., 1980). The Ontario 
points were extracted from the Ontario Ministry fo the Environment sulfur 


~ emissions inventory. 


To limit the required computational resources, when feasible, sources are 
lumped together. All large (>100 kTonnes SO. ay) point sources listed in the 
above mentioned emissions data and 95% of the major (>10 kTonnes SO, —) 
point sources are incorporated into the model's inventory (usually grouped) to 
form effective point sources located at the emissions-weighted geometric means 
of the co-ordinates of the contributing points. Care is taken to amalgamate only 
sources situated in similar geographic settings and, in general, less than 50km 
apart. Approximately 60% of all area emissions and 72% of all minor point 
emissions are incorporated into the inventory shown in Figure 2 by adding minor 
point sources and area sources located near (=50 km) major points to that point 
or combining smal! sources concentrated in large urban centers to form effective 


point sources. 


6. SPECIFICATION OF DISPERSION PARAMETERS 

The wet and dry deposition of sulfur depends on the vertical distribution 
the pollutant as well as the turbulence in the diurnally varying planetary 
boundary layer. These factors have to be accounted for in modeling deposition 


and concentration fields averaged over time scales of the order of a day. 


However, Maul (1980) shows that estimates of annual averages of these variables 
are relatively insensitive to the details of the fecal concentration distribution. 
Furthermore, Eliassen and Saltbones (1975) and Johnson et al. (1978) have 
successfully predicted long-term averages, assuming that sulfur is well-mixed 
through a boundary layer which is invariant si space and time. On the basis of 
these studies the distribution of SO, and SO, are assured to be uniform in the 
vertical through the depth of a constant mixed layer. This limits the resolution 


of the model to distances of the order of 100 km from major sources. 


The large scale horizontal distribution of pollutants is determined by the 
parameters x, y, 5. and dy For the co-ordinates of the mean motion of large 
scale eddies it is assumed that, 


y=0 (10) 


where u is the mean velocity of synoptic eddies and 7 the travel time from the 
source. Equation (13) expresses the fact that at mid-latitudes weather systems 
move from the west to the east. Fay and Rosenzweig (1980) have used this 


assumption in their modeling exercise. 


The analysis of trajectories by Slinn et al. (1979) and Bolin and Persson 


(1979) suggests that O. oo) can be expressed as 


ON is 37 (11) 


On the basis of statistical dispersion theory it is reasonable to assume that 0, 
and 3, are the standard deviations of the horizontal velocity fluctuations of 
synoptic turbulence. These statistics could be derived by sampling 850 mb winds 
over periods of the order of years. Tennekes (1977) suggests the following values 
for the large-scale velocities 


1 5, = 10 nae 0, = 6 me 


u=10ms_ 
It is noted that this choice of the horizontal dispersion parameters is tentative. 
They will be modified when a statistical analysis of trajectories, has been 


coupleted. 


SCAVENGING PARAMETERS 
The stochastic scavenging model allows one to distinguish between wet and 
dry periods. This, seen later, is a useful feature of the long-range transport 


model presented here. 


The transformation of SO, to SO, is a complex process which depends on a 
number of physics variables such as solar intensity and ambient ozone 
concentration, (see Wilson and Gillani, 1979). For long-term modeling it is 
assumed that the conversion rate is 1%hr, a value which is an "average" of field 


measurements made during dry periods. 


Knowledge of the conversion of SO, to SO, during rain is almost non- 
existent. There is some indirect evidence (McNaughton and Scott, 1980; Scott, 


1980; MacCracken, 1978) to indicate that incloud conversion of SO. to SO, can 


4 
be greater than 10%hr. Scott (1980) suggests that more than 60% of the sulfur in 


rain falling in summer is associated with SO,, Then it is reasonable to assume 


that the rate at which SO, appears as sulfur in rain is limited by the rate at 
which SO, is incorporated into precipitating clouds. The rate at which clouds 
suck up the SOj is approximately given by w/z; where w is the mean updraft 
velocity at cloud base and z, is the mixed layer height. w is given by (Smith and 


Hunt, 1979). 
w=? wR/M (12) 


In (4), p be is the density of water, R the precipitation rate and M the water 
content of the air entrained into clouds. Typical values for these variables are 
M=5 - 10 gm”, R= | mm/hr and Z.= 1000 m. We then find that the "effective" 
washout rate w/z, for SO, is 3-6x107-s'/. This suggests that one way of 
accounting for incloud oxidation of SO, to SO, is to add an effective washout 
rate to the actual wet removal rate of SO.- An alternative is to increase the 


oxidation rate during precipitation. McNaughton and Scott (1980) found that a 


10%/hr rate was necessary to explain measurements of sulfur in rain. 


Washout of SO, is a reversible process which is a function of pH of rain. 
The washout rate decreases with pH. For the range of pH (4 - 5) usually 


5_-1 


encountered the scavenging rate denoted by j is of the order of 10 ~s (Garland, 


1978). Johnson et al. (1978) use a value of 6 x 107s"! (R = 1 mm/hr) in their 


: to explain the 


modeling study while Fisher (1978) is forced to use 1o7ts” 
measured values of wet deposition. These relatively high values for j are a 
consequence of the additional "washout" associated with incloud conversion of 
SO, to SO,- Thus using an increased washout for SO. is the most convenient 
way to account for incloud oxidation. Increasing the conversion rate during 


precipitation (McNaughton and Scott, 1980) has the unrealistic feature of 


enhancing the sulfate concentration in the boundary layer. 


Te 


Maul (1978) has inferred the value of the SO, washout coefficient from a 
time series of ambient SO, concentrations. _He found that j could be described 


by the equation 
j =OR (13) 


where Q=3 x 107? . The linear dependence of j on R as well as the magnitude of @ 
suggests that the ‘apparent" SO, washout could be dominated by incloud 
oxidation of SO.- This idea appears to be supported by the work of Eliassen and 
Saltbones (1975) in which sulfur concentration in rain in related to SO, rather 
than SO, concentration. The effective j used in their study is=4.0 x 1077. On 


the basis of these cited values for j we used 3 x yor?s! in this model. 


The precipitation scavenging of sulfate is represented by a linear removal 
rate je This assumption used by several authors (Fisher, 1978; Johnson et al., 
1978) is clearly unrealistic for modeling precipitation events. However, it is 
probably less critical for long-term estimates of wet deposition. In this study j = 


107+s7! is used on the basis of Garland's review paper (1978). 


Measurements indicate that the dry deposition velocity v d of SO4 is of the 
order of | cm s! during daytime. Sulfate is primarily in the form of aerosol 
whose median diameter is below | um (Garland, 1978). For this particle size 


range the deposition velocity is around 0.1 cm eral. 


There is little guidance on the magnitude of the parameters Tq and 


mee As they are Lagrangian variables defined with respect to trajectories of air 


parcels they cannot be derived from routinely available Eulerian (fixed point) 


_ ails 


meteorological observations. Rodhe and Grandell (1972) have estimated these 
parameters assuming a ratic between fixed point and Lagrangian measurements. 
Slinn et al. (1979) have made more reliable estimates based on actual 
trajectories originating from Kansas city. The averages of the January and July 
1$75 values are 14 = 46 hours and ee 7 hours which are comparable to those 
suggested by Rodhe and Grandell (1972). Our studies showed that model results 
were relatively insensitive tor, and 7, a conclusion which is in agreement with 


d 
that found by Smith (1980). 


Table | presents the model parameters used in our simulations. The values 
of f, and fy are similar to those used by Fisher (1978). f is assumed to be equal 


to 0.5 for the top 55 sources and zero for the rest. 


MODEL TESTING 
The model described in the previous sections has been used to compute 
sulfur in rain falling over the grid system shown in Fig. 2. The long-term sulfur 


deposition has been computed from 


[te ale i] h (14) 


Figure 3 shows contours of dD, obtained from the model. The emission inventory 
used corresponds to the year 1977. The figure also shows the locations of 
monitors set up by Canada and the United States to sample precipitation 
chemistry. The description of the network and the corresponding annual 


deposition values are given in the paper by Galloway and Whelpdale (1980). 


eit 2 


Table 2 presents the comparison between the model predictions of sulfur 
wet deposition and the observations. Based on values suggested by Fisher (1978) 


241 is used. It is seen from the table that 


a background deposition of 0.2 gm “a™ 
model predictions of wet deposition in the CANSAP (Whelpdale and Berry, 1978) 
network are generally lower than the observed values. However, the model 
explains 76% of the measured variance in the deposition. Rejecting the value at 
receptor 11 as an outlier increases the r? to 0.84. According to Whelpdale 
(personal communication) the measurement technique used in the CANSAP 
network might have led to an overestimation of the observations by about 30%. 
This should explain the predictions being lower than the measured values. It is 


interesting to find that regressing predictions against observations reduced by 


30% results in a = 0.17 gm72a7! and b = 1.04 (regression coefficients). 


The ratio of observations to predictions for the American data is 
distributed fairly evenly around the ideal value of unity. However, the 7 is 
insignificant at 0.09. Removing the outliers at receptors 24, 25, 26 results in a 
marked increase of the r? to 0.47. It is believed that the discrepancy between 
model estimates and measurements is related to the fact that the American data 


have been drawn from a number of sources which are not likely to be consistent 


in quality (Galloway and Whelpdale, 1980). 


Note that model testing is anything but straightforward. This is because 
the correspondence between model predicitions and observations is very difficult 
to establish. The model estimate is designed to correspond to the mean of the 
concentration distribution to which the measured value is assumed to belong. 
Therefore, mode! predictions are expected to deviate from observations. At the: 


present time there is little informattion on this expected deviation and a certain 


MA ie 


degree of subjectivity in evaluating model performance is inevitable. For a 


discussion of this problem the reader is referred to Venkatram (1979). 


The classification of "outliers" in the data is not based on an objective 
criterion. But then only 4 out of 26 points have been rejected. It is useful to 
point out that 77% of the observations are within a factor of two of the 
predictions. Based on "experience" with air pollution modeling it is believed that 


model estimates of wet deposition of sulfur are eminently acceptable. 


Model parameters used in this paper represent "standard" values quoted in 
literature (See Eliassen, 1980, for a review). These are not optimum values 
derived by "fitting" observations to model predicted depositions. This lends 


credibility to the evaluation of the model. 


EXAMPLES OF MODEL APPLICATIONS 

The model! can be used to estimate dry deposition. However, since lack of 
data would not allow testing of model calculations, only examples of applications 
of wet deposition estimates are shown. Before doing so, an interesting aspect of 
sulfur deposition is pointed out. Figure 4 shows the contribution of SO, to the 
total wet deposition of sulfur. It is seen that wet deposition of sulfur is 
dominated by the apparent washout of SO,- This is clearly at variance with 
measurements (Dana, 1980) which indicate that SO, contributes no more than 
40% to the sulfur in rain. However, the result tendsx to support the theory that 
incloud oxidation of SO, to SO, is very important. As mentioned earlier the 
simplest method of including this process in a model is to use a high "apparent" 
SO., washout rate. It is interesting to note that other modelers (Fisher, 1978; 


2 


Johnson et al., 1978) have used SO4 wet removal rates which are comparable to 


Eee 


that used here. 


Figures 5 and 6 show the relative contributions of the U. S. and Canada to 
the wet deposition of sulfur. This type of information is useful for abatement 
plans in relation to the acid rain problem. It is seen that south of latitude 45° 
more than 50% of the sulfur deposited in rain can be attributed to U. S. sources. 
Canadian sources in Sudbury and Noranda are major contributors primarily in 
2.-1 


regions in their vicinity. Note that background deposition of 0.2 gma is 


dominant in Northern Canada. 


CONCLUSIONS 

Simple statistical model can provide acceptable estimates of sulfur 
deposition. This supports the conclusions of the studies by Fisher (1978) and Fay 
and Rosenzweig (1980). It is clear that the type of results which can be obtained 
from statistical models are suitable for formulating abatement strategies for the 


acid rain problem. 


This study indicates that SO, could be a major contributor to the wet 
deposition of sulfur. This supports recent indirect evidence of rapid incloud 
oxidation of SO. to SO). If this is indeed physically correct modeling can be 


simplified by concentrating on SO.. 
Some of the assumptions used in the mode! may be questionable. For 


example, the statistics of dispersion are not based on the analysis of trajectories. 


This analysis is in progress. 
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The constants in equations (42) éna (4b) ere given by: 
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Table 1 


Model parameters used in "base" case simulations 
1. Scavenging parameters 


0.5 x 1072ms72 
0.05 x 1072ms7! 


S0, dry deposition velocity (v4) 
SO, dry deposition velocity (Vy) 
Dry period SO, to 50, conversion 


rate (ky) = 1%/hr 
Wet period $0, to SO, conversion 
rate (k) | = 1%/hr 
SO, wet removal rate (j) = 3x 1075s7! 
SO, wet removal rate | (j) as} X*10.4S-° 


2. Meteorological parameters 


Average mixed layer height (z.) = 1000 m 
Advecting wind speed (u) = 10 ms“? 
Dispersion velocities (o> 3.) = 10 ms“2, 6 ms“? 
Lagrangian dry period duration(z,) = 46 hr 
Lagrangian wet period duration(t,) = 7 hr 
Fractional dry period at source (fy) = 0.9 

Fractional wet period at source i) = 0.1 


- Emission ratio at source %so,/9s0, 


= 0.98/0.02 


Table 2 


} oe Wet sulfur deposition 
Station No. Receptor Name OBS PRED OBS/PRED 


(gm72a7+ 
1. Kingston, Ont. 1226 0:23 1350 
2 Moosonee, Ont. . 0:58 20.33 1.76 
3 Mount Forest, Ont. 2.32 0.96 2.42 
4 Peterborough, Ont. 1.81 0.94 1.93 
5 Pickel Lake, Ont. 0.39 0.28 +.39 
6 Simcoe, Ont. 2234) 9.49 1457 
7 Wawa, Ont. 0,92.) 0°52 1775 
8 Windsor, Ont. 2.98 2.00 1.49 
] Chibougamau, Que. 1.06 0.42 2352 
10 Maniwaki, Que. OF ee 5 0.95. 
11 Montreal, Que. 2.35 0.88 2.67 
12 Merrimach Cnty, N.Y. 0.91 0.93 0.98 
toon Albany Cnty, N.Y. 12207 (12h 0.99 
14 Allegany Cnty, N.Y. 2.20 1.58 1.39 
15 Dutchess Cnty, N.Y. 1.20 1.48 0.81 
16 Essex Cnty, N.Y. 0.84 0.84 1.00 
17 Oneida Cnty, N.Y. . 1.70 1.08 1S 
18 Onondaga. Cnty, N.Y. 0.79 1.19 0.66 
19 ' Ontario Cnty, N.Y. 1.20 1.34 0.90 
20 _ st’ Laws, Crity; IN. Ya151<00 0.89 Ll Z 
21 Oak Ridge, Tenn. 1.30 1.04 1.25 
22 Charlottesville,Vir. 0.91 1.31 0.69 
23 Tucker Cnty, W.V. 2.00 1.94 03 
24 Washington, D.C. 17001. 1.83 0.35 
25 Lewistown, Penn. 0498 p-2 321 0.44 
26 Paducah, Kentucky O57 Wan 229 0.44 


LINEAR ANALYSIS: OBSERVED DEPOSITION = a + b * PREDICTED DEPOSITION 


Receptor Location . We a(g/m@/yr) b Receptor Excluded 
Canada - 0.76 0.24 1.89 

sCanada’i<.~* ee Me: ae Pe ae en 

ee et eee O.0oN 2 O73? 0.3 

ES? 9. SSadewa ef? (0-08 2 0-98 24s 955026 | 
All PT | See 0709 0.67 0.58. 
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FIGUSE 3: Tltodel predictions of annual wet deposition of sulfur in 
am/m@/a. Stars in figure correspond to monitors in the 
CANSAP and U.S. networks. Numbers next to stars are 
station codes referred to in ‘able 2. 
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FIGURE 4: Relativeszontribution of SO, to the total wet deposition 
of sulfur. | 
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FICURE 5: Percentage contribution of Canadian SO. sources to the 
wet deposition of sulfur. t 
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FIGURE 6: Percentage contribution of U.S. sO, sources to the wet 
genie. on of sulfur. 
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APPENDIX 8 


Excerpts from 
Ontario Ministry of the Environment 
Report #ARB-038-81 


Entitled 


“MODEL PROFILE 
ONTARIO MINISTRY OF THE ENVIRONMENT 


STATISTICAL MODEL OF THE 


LONG RANGE TRANSPORT OF AIR POLLUTION” 


Tne mogel sensitivity to uncerteinty in the velue of the input 
Deremeters wes tested by incepencenily. verving ech peramecer | within 
she rance of values cited in the recent Wi sure. (See the previous 

] 


; 
section for specitic peremeter references). 


2 \ : 5 
Tor this test en idealized source-recepitor ceometry wes chesen 
=o eneble the testing & mode] sensitivity to the input peremevers 2s 


= function of the source-receptor orientation. n 


m 


ceometry seljected 
is depicted in Figure 4. Since the model formulztion results in é 
Gistribution which is symmetric with respect to ihe meen wind oniy 
receptors in the 7irst two quédrants were required. 
The results..6f this model sensitivity test ere shown in Figure Z, 

Plotted is the annual wet deposition of sulfur per unit emission on 

joo-1o9 scale as a function of the paremeter being stuciec. Figure Z 
consists of eighteen pages, one pece Tor each recepror. The péeges are 
numbered in the same order in which the receptors are numbered in 
Figure 4. A loo-log piot wes chosen in orcer to cispley the fractional 
chenoe in the celculetec deposition in terms of @ Tractionel chence 


in the megs! pareneter Des Aes 


aD ae - o inD 
da. “kD Gq int 


Figure 2,may be summarized in terms ct the input peremecer uncer 
consideration and the relative locetion cf the receptor with respect 


<0 che Source. 


Dry conversion rete (k 4): 
For receptors down wind of the source the celculeted wet deposition 
rete is insensitive to values of k 4 (5% to erie except et jarce 

Cistances (~1000 km). The resuit is the seme et cross wing 

entors. Elsewhere the cé 


Wet conversion rete (k): 
At near source receptor sites the ceposition is sensitive to véelues 
ov k greeter then 5% hr-?. Bejow this conversion r 
no signivicent sensitivity. The conversion rete mus 


te there js 
be jzroe to 


ce nm 
ws 


n 
Show sensitivity due to the meonituce cf other Deinweys Tor wet 
Geposition (eg. wet deposition of SO.). At large Cistences wet 
Ceposition is not sensitive to the wet conversion rete - écein 
other pathways dominete. 


Dry deposition velocity of SO: 
Wet deposition is sensitive to this parameter at 271 locations 
‘particularly at large cistences. This is cue to the loss oF sulfur 


ra 


Tor wet deposition by dry deposition. 


Dry deposition velocity of SO,: 
For the range of SO, cry eae tame velocities considered the 
estimate of wet deposi tion Goes not cepenc on this perameter 
(very smal pathway). | 
Wet deposition rate of S0,: 
Wet deposition is very sensitive to this peremeter downwind enc 
near the source. This pathway neer the so é 
than 80% of the sulfur deposited wet to be from SO. Fer from 
the source wet deposition is less sensitive to hj 
as other pathways to wet cenosition become important end syus-_ 
penced wet SO, hes been cepietec or converted. 


e—etie 


able for scavenging is controlled by other model peremeters 


(eg. k a) 


Mixed layer height: 


Due to the assumption of vertical homoceneity ean increesed mixed 
layer height reduces the ground ijevel concentretion theredy reducing 
the loss cry deposition while the wet scevencing reve remains 
h 


constant. Therefore et 21] locetions e wet Geposition rete 


increases are mixed height increases. 


) 
: 
: 
A | 
Fraction of time (Eulerien) dry (74) or wet Stine | 

The estimated wet deposition is sensitive to these peremeters in | 


the down wind, neer source areé. These l|ocetions ere neer enough 


~o the source that the nature of the pollutant (wet or dry) emitter 
is not 'forgotten'. (i.e. travel time < time taken to loose the | 
particles identity ir, or ty)). hese recions if we increzse | 
the fraction emitted wet sy wet mpraeueend increeses proportion? | 

| 


By, periods: | 


The model estimate ov wet deposition is sensitive to these parameter 


Lagrangian duration of wet (7) and-drv’ ‘(+ 


for all source-receptor orientations es the parameter Control the 


rate of exchange between wet and dry perticles. , | 


Horizontal, along wind dispersion (o,): 
The model estimate of wet deposition is sensitive to this parameter 
as it controls the probability of the emission reaching @ receptor. 
Least sensitive are the directly downwind sites which do not rely 
on dispersion to transport the emission. Conversely upwind sites 
depend solely on dispersion and are the most cepencent on this 
parameter. 


Horizontal, cross wind dispersion (c.): wi 

All receptor sites ere sensitive to this perameter. ks for 6 _ 
this parameter controls the velue of the eee sizes jJeast 
effected are cross wind, neer source sites. The greatest infiuence 
of this paremeter is et nezr source sites, Gown wine Trom the source 


€ 
due to POC UE ere cepietion by cress wind spreed. 


Mean wind speed: 
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Al) receptor sites & 

2+ a site will increése or é 

cepencing upon whether increese wine speed will move The P 
e 


“owerd or away Trom the r 


cirece: 


Li} down-wind sites ere sensitive to tne wine ¢crre 


c 

oe i nee Fy ase} ' _ « . 

for the rance chosen (255° - 2&5 \ directly Up-wine 
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show eny sensitivity. De: 


S 
position is maximum “or these sites 


directly down wind. 
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APPENDIX 9 


REVIEW OF THE OME MODEL FOR 
LONG RANGE TRANSPORT OF 


AIR POLLUTION 


BY 


F.B. SMITH 


BRITISH METEOROLOGICAL OFFICE, BRACKNELL 


Dr. Venkatram's model (the OME model) is statistical 
in nature intending to have validity in terms OF total 
depositions when averaged over long periods of ‘times. Gen 
year). It is essentially very simple and efficient in 


computer time. 


In many respects such a model is extremely 
attractive since it permits tests to be made on the 
sensitivity of model-results to changes in basic 


parameters in a very cost effective way. 


It also includes a representation of real 
wet-deposition processes which parallels my own treatment 
and which both Dr. Venkatram and I believe to be more 


physically realistic than methods used elsewhere. 


On the whole the agreement between the wet 
depositions observed at various stations in Canada and 
the USA and model-predicted values is encouraging. 
Nevertheless it has to be remembered that, by the very 
nature of the source distribution (i.e., that source 
strengths are very high in some areas and very low in 
others) and of the loss processes (which are 
statistically greatest in the first few hundred 
kilometres of travel), even the crudest of models tend to 
correlate modestly well with observations, although the 


degree of real physical sophistication may be quite low. 


Taking perhaps the most extreme example of such a crude 
model, one may consider the correlation between observed 
(or implied) depositions within grid-squares and 
depositions assumed directly proportional to the 
emissions in the same grid-squares. In other words, in 
this model, the contribution to grid-square depositions 
from sulphur advected in from other squares is totally 
ignored! The effects of source-height variations from 
square to square are also ignored, as are air chemistry 


and a host of other factors normally considered. 


Applying the approach to data for 1974 from 46 
stations in western Europe, collected during the OECD 
LRTAP Experiment, correlations are found to be as 


follows: 


1. the correlation between the total annual 
dry-deposition of sulphur inferred from observed SO 
daily concentrations (and a constant velocity of 
deposition) and a model deposition, assumed 
proportional to the "same-square" emissions is for 
the 46 stations = 0.68. 

2. the same but for wet depositions = 0.20. 

3. the same but for total depositions (dry + wet) = 
0.58. 

Thus if total depositions are the objective such a 
"silly" model can give correlations with "observed" 


depositions which appear quite respectable and by which 


more sensible models have to be judged. Of course it 


should be pointed out that, although the above 
correlations appear to be quite good, the actual 
deposition estimates themselves are not good: wehe 
emissions in the grid-squares, where the 46 monitoring 
stations existed, varied by nearly 3 orders of magnitude 
whereas the "observed" depositions vary only by 1 order 
of magnitude. Of course it is well known that 
correlations are dangerous indicators of model validity 
when taken on their own, and other more stringent tests 


should therefore be applied to Venkatram's results. 


The development and application of any long range 
transport model of this kind explicitly or implicitly 
assumes something about the relationship between 
depositions and effects (to the receptor biosystems). In 
venkatram's case the assumption is that damage occurs as 
a result of long-term average depositions. Whereas these 
averaged depositions are most likely to be important in 
some degree to some components of the damage problem, it 
has been argued (e.g., by P.F. Chester, 1981) that in 
other respects short-term deteriorations or "episodes" in 
lake and river water pH may be major determinants of 
fishlessness in certain areas of affected Scandinavia and 
America. If this is indeed so (and the evidence is quite 
strong that it is so) then some doubt must be cast on the 
usefulness of long-term statistical models of which the 


OME model is just one example: the source-receptor 


relationships may be significantly different in kind when 
"episodes" alone are considered. Special conditions must 


make these occasions "episodes", and meteorology must 


play a major part in these. 


The comparison of the OME model with the AES model 
shows rather considerable differences, albeit in the 
expected sense, namely that the contributions from 
distant sources to depositions are relatively higher in 
the OME model compared with those in the AES model (and 
vice versa). The AES model also seems to give higher wet 
depositions than the OME model. Large discrepancies of 
this kind are likely to lead to a weakening of your case 
in the American hearings. I feel that such differences 
should either be resolved, or a good case prepared to 
support the OME model values in comparison with other 


values. 


The assumption of v = 0 in Venkatram's model is, as 
he well recognises, a present weakness. This is perhaps 
especially true of those occasions when significant 
rainfall occurs as the resulting wet depositions 


contribute so markedly to the long-term depositions. 


Dr. Venkatram obviously would prefer to determine u 
and v by direct trajectory evaluation. Dr. B. Fisher, 


CERL, UK, is currently doing just this using trajectories 


” 


determined on a daily basis by the UK Meteorological 


Office for a power station plume in eastern England. 


The following points can be made: 
1. it is unlikely that u and v are the same for dry 
deposition and for wet deposition. 


2. u and v may be different for normal wet occasions 
and for significant episodes. 


3. several years data will be required to obtain 
reliable statistics, preferably supported by good 
daily air concentrations and deposition 
measurements. 


4. a short term solution might be provided by selecting 


u and v to optimise the correlation between model 

and observed total depositions. 
I suspect that geographical variations if baintatl are 
not included, nor are variations in rainfall probability 
with wind direction (this refers to Point’ 1 of ‘the above 
paragraph, of course) or seasonal variations relevant to 
different snow/rain efficiencies in removing sulphur from 
the atmosphere. The first two are relatively easy to 


include (see for example Smith, 1981). 


The model assumes a linear relationship between 
power station emissions and expected depositions. Is 
there in fact any evidence for this for large power 
stations at the ranges of concern? One might argue in 
the absence of real data that increasing sulphur 


emissions are likely to lead to increased heat emissions 


which in turn may lead to an increased probability of 


mixing-layer-top penetration. If this were so then, out 
to ranges of one or two thousand kilometres, depositions 
might actually decrease albeit at the expense of higher 

depositions at really long range (in Europe and 


elsewhere, for example). 


In summary, the OME model is a highly efficient and 
useful method for predicting LRTAP, although it also has 
some disadvantages and may lack important time 
resolution. Further development and verification of the 
model seems called cant but provided it is presented 
fairly and forthrightly it does seem to provide a 
reasonably good basis on which to argue Ontario's case to 


the American hearings. 
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REVIEW OF LONG RANGE TRANSPORT MODEL USED BY 


ONTARIO MINISTRY OF THE ENVIRONMENT 


BY 


B.E.A. FISHER 


CENTRAL ELECTRICITY RESEARCH LABORATORIES 
KELVIN AVENUE 
LEATHERHEAD, SURREY KT227SE 
ENGLAND 


JUNE 4, 1981 


PREPARED FOR 
THE MINISTRY OF THE ENVIRONMENT 
THE PROVINCE OF ONTARIO 


Introduction 


This review of the long range transport model 
developed by the Ontario Ministry of the 
Environment is divided into two parts. The first 
three Sections discuss some general aspects of the 
model, its application and use, and a list of major 
conclusions. In an Appendix some technical details 
of the model are discussed and some suggestions for 


future work made. 


The long fanae transport model developed by the 
Ontario Ministry of the Environment (MOE) has been 
used to assess how proposed changes in the sulphur 
emissions from 20 power plants in the United States 
would alter the rate of deposition of sulphur over 
regions of Ontariof**This isv’a ‘critical review’ of 
this model and its application. It is “critical “in 
the best sense of the word, in that it attempts to 
show where the model is most successful and where it 
has limitations. There are a large number of models 
describing the long range transport of air 
pollutants and each has some advantages and some 
disadvantages. There is no one model which is so 
Superior to other models that its use is to be 


recommended for all applications. 


The review is largely based on material in three 


documents describing the model and the use made of 


ist (venkatram, Ley and Wong, 198la, Ontario Ministry 


of Environment, 198la and 1981b). The model has 
been used in the submission by the MOE to the U.S. 


Environmental Protection Agency (MOE, 198l1b). 


General Remarks 


The model falls into the category of a statistical 
model. By this it is meant that the input 
parameters used in computations are statistical 
averages and do not describe the transport of 
pollutants on a specific meteorological occasion. 
By uSing statistically averaged quantities, the 
model enables long-term average concentrations, 
usually annual averages, to be calculated more 
efficiently than in other types of model, such as 
trajectory models. (In trajectory models the 
movement of air parcels along a trajectory is 
followed, and long term average concentrations are 
obtained by following a very large number of 
trajectories and then averaging). Because they 
avoid this computation, statistical models can be 
run more efficiently than trajectory models, 


allowing other aspects of the average behaviour of 


pollutants over long distances to be investigated in 


detail. For example, it is possible to run fairly 


extensive analyses of the sensitivity of the model 
to changes in the values of the main parameters, 
(MOE, 198la) an exercise which would be much more 


expensive with a trajectory model. 


Comparison of statistical and trajectory models 
developed within the context of long range transport 
in Europe suggests that the models agree with each 
other and with measurements to within the limits of 
accuracy expected in modelling exercises (see 
Eliassen, 1978; Johnson, Wolf and Mancuso, 1978; 
Bolin and Persson, 1975; Fisher, 1978 and also the 
review of models by Eliassen, 1980). The same 
measure of agreement has not been reached in North 
American models (see paragraph 3.1 for further 
comments), but is expected eventually. This, of 
course, applies only to annual average 
concentrations or annual rates of deposition. For 
investigating case studies of long range transport, 
a trajectory model, or something like it, would be 


needed. 


Modelling approaches developed in a European context 
may be applied to North America, since the general 
principles are the same, though there may be 
differences in climate, i.e., greater extremes or 
more persistence of certain conditions. This can be 


allowed for in the model by altering values of the 


meteorological parameters in the model. The MOE 
statistical model uses commonly acceptable values 
for the main parameters and takes into account the 
main transformation and removal processes. It is 
therefore quite acceptable to use this model for 
calculating annual average concentrations and annual 
depositions of sulphur oxides. It uses techniques 
which are within the current state of the art 
regarding long range transport modelling. Its 
Simplicity makes it attractive to users without easy 


access to meteorological data. 


Further testing of the model against experimental 
data is recommended. In particular, atmospheric 
concentrations of sulphur oxides have not been 
compared with measurements. Such comparisons will 
become more valuable tests of the model once results 
from on-going and new monitoring networks become 
available in the next year or two. However, the 
sensitivity analysis of the model undertaken by the 
MOE (198la) suggests that many of the derived 
quantities are insensitive to values of the 
parameters in the model, suggesting that the use of 
the MOE iS aS a relatively untested form is 
justified. Much work is underway at the MOE to 
investigate and it is hoped more fully justify, 


parameter values used in the model. 


Some caution must be used berore drawing conclusions 
from the model. This cautious approach has been 
shown in the paper submitted for publication in the 
scientific literature (Venkatram et al., 198la) and 
in Chapter 7 of the submission to the U.S. 
Environmental Protection Agency (MOE 1981b) in which 
the error bounds on the results of the model are 
clearly stated. Though it is not possible to 
justify completely and objectively the accuracy of 
this and other models, one seeks to achieve an 
accuracy of + 50% in the estimates and this should 
always be BoHne in mind when stating results. Since 
the MOE model is a ‘state of the art' model, this 


sort of accuracy is to be expected from it. 


The above remarks apply specifically to the use of 
the MOE model to calculate the long range transport 
of sulphur oxides. No models for the transport of 
acidity have been developed, nor of the other 
species, (nitrate and ammonium) which determine the 
acidity of precipitation. Sources and removal 
processes for these substances are far less well 
understood than for sulphur oxides. Undoubtedly, 
the concentration of sulphate and nitrate in 
precipitation, and its acidity, are correlated, but 
the use of a single empirical relationship allowing 
the acidity of precipitation to be deduced from 


sulphate concentrations alone, is not generally 


accepted at present. Further research on this 
aspect is urgently required, as weil as 
clarification as to which is the *% important 
quantity deposited from the atmosphere, influencing 


freshwater systems. 


Another general problem is the assumption of linear 
conversion rates. One can invoke chemical arguments 
for supposing that the conversion rates are 
non-linear. However, most operational models use 
linear chemistry, with which they obtain reasonable 
agreement with measurements. This arises because 
the overall conversion is very slow, so that all 
reactions can be approximated by a linear rate 
constant. The use to be made of the model does not 
involve large changes from present emissions, for 
which satisfactory agreement with measurements has 
been obtained. It might be dangerous to extrapolate 
the model to circumstances when emissions were more 
than halved or doubled, since in these circumstances 
there is no guarantee that the linear assumption 


still applies. 


These are eran the most general issues 
concerning the use of the model and apply, to some 
extent, to all operational long range transport 
models. In the Appendix, examples and 


amplifications of many of these points are given. 


Application of MOE Model for Calculating Impact of 


20 U.S. Power Plants on Deposition over Ontario 


There is a large discrepancy between the predictions 
of the MOE model and the Atmospheric Environment 
Service (AES) trajectory model when both are used to 
calculate the same quantity (as an annual average) 
with approximately the same emission data. Broadly 
speaking the MOE model underpredicts wet deposition 
compared with measurements and the AES model 
overpredicts (US - Canada Memorandum of Intent, 
1981). Venkatram et al., (198la) argue that the wet 
deposition measurements used to test the MOE model 
are overestimates. An attempt should be made to 
reconcile the two models, since the differences are 
more than a factor of two, and could not be resolved 
by adjusting values of the parameters in the MOE 


model (see sensitivity analysis (MOE, TO Oasys 


The differences are not only due to differences in 
the treatment of wet deposition since the same 
effect occurs with airborne concentrations. The 
differences are particularly marked regarding the 
contribution of Ontario sources to sulphur dioxide 
concentrations in sensitive areas of Ontario. The 
AES model appears to be overpredicting at distances 
up to several hundred kilometres from major source 


regions. An attempt should be made to resolve such 


3.4 


discrepancies within the Canadian research 


community. 


The application of the MOE model to calculating the 
contribution from twenty U.S. power plants has been 
undertaken in a straightforward manner. It is a 
simple model and no obvious errors are apparent. 


The accuracy of the calculation is clearly stated. 


In two ways the use of the MOE model may be 
misinterpreted in the submission to the U.S. 
Environmental Protection Agency (MOE, 1981b). 
Firstly, it is implied that the acid deposition can 
be inferred from the sulphur deposition, which 
cannot be done (see paragraph 2.6). Secondly, no 
conclusions about the effect of changes in stack 


height can be deduced from the model. 


Further information should be supplied on the 
contribution from other sources, besides the 20 
U.S. power plants under discussion, to deposition 
Over sensitive regions of Ontario. This is 


illustrated in Table 1 below: 


Pe Vy WA 


Table 1: 
Percentage Contributions to Deposition 


Over Muskoka-Haliburton Region of Ontario 


Wet Deposition Total Deposition 


ea ee a aCe Er ae 


All U.S. Sources 49% 55% 
Ontario: Sources 19 26 
Other Canadian Sources 4 5 
Background Contribution 28 14 


Total Deposition 0.7 1.4 
(gS m~2 a ~1) 


I cane a Sor REESE ANT PRUET ar ATLA crea a 


In addition there will be a local contribution from 
sources within the region. The accuracy of the 
total deposition and individual contributions is + 
50%. This is based on results from the MOE model 
given in the February, 1981 Report under the U.S. - 
Canada Memorandum of Intent. Background refers to 
sulphur which cannot be directly related to sources 


within the region of study. 


3.6 The sector analysis (Kurtz and Scheider, 1980) 
undertaken by the MOE appears to support the 


allocation to background of about one quarter of the 


sulphur loading. The sector analysis also gives 
some support to the contributions allocated to 
sources in the United States. The Ontario 
contribution includes a contribution from Sudbury to 
the region of 10 to 15% of the total deposition and 
approximately the same contribution to the wet 
deposition (Venkatram, Ley, Wong, 1981b). Figures 
should be given of the local source emissions in the 
sensitive regions of Ontario and assessment made of 
their contribution. Thus a complete breakdown of 
contributions to the sulphur budget would be 


available. | 


Further dry deposition rates of sulphur which are 
probably comparable with wet deposition rates, 
should be stated explicitly, as well as projections 
of the effect of changes in emissions in the future 
from other sources besides the twenty U.S. power 
plants in question. In addition, the fraction of 
the emission from the power plants, deposited over 
Ontario or over sensitive regions in Ontario should 
be estimated. This information could be quite 
properly requested by interested parties. It is 
noted that aned.1 Ohe from twenty U.S. Power plants 
already exceed the amount allowable under 1979 


Regulations. 


= ee 


Conclusions 


The MOE model, within its limited of accuracy, is a 
satisfactory method of assessing the sulphur 
deposition over Ontario from 20 U.S. power plants 
and for estimating changes in deposition produced by 


changes in emissions (see paragraphs 2.3, Zn yce 


There is no model available at present which can be 


used to predict acid precipitation (paragraph 2 4.6 Vee 


Further testing of the model against measurements is 
strongly recommended as the latter become available 


(see paragraph 2.4). 


More results from the model should be presented in 
order for the complete budget of sulphur deposition 
over regions of Ontario to be assessed (see. 
paragraphs 3.5, 3.6 and A.4). This may be requested 


by interested parties. 


Further work underway at the MOE and elsewhere may 
help to refine the model and the choice of parameter 
values used (see paragraph A.2). So far this has 


not caused any basic changes to the model. 
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Appendix 


Technical Details of the MOE Model 


We shall begin by discussing the appropriateness of 
parameter values used in the model. The removal of 
sulphur oxides by precipitation, whether in cloud 
droplets or raindrops, and whether the sulphur is in 
the form of gaseous SO 7 Or as particulate sulfates, 
is the least well-known part of the problem. In 
order to obtain a sulphur budget for northwest 
Europe, in which measured and calculated rates of 
wet deposition are in approximate agreement, it is 
necessary to assume that the rates of removal of SO 
and sulphate are fairly efficient processes. This 
assumption is made in the MOE model and is the only 
practical assumption in current operational models 
though it may not apply close to large point source 
emissions (Chan, Ro and Lusis, 1981). The exact 
values of the rates of removal of SO j and sulphate 
are not known with any certainty, but the deposition 
at long distances is insensitive to the exact values 
chosen, as shown by the detailed sensitivity 
analysis performed on the MOE model. This occurs 
because if a high value of a rate constant is 
chosen, this is compensated for by a correspondingly 
lower value for the amount of material travelling 


long distances. 


Another problem with wet satsaation Ts that it is 
very difficult to describe accurately the 
distribution of rainfall in space and time. 
Measurements of rainfall at meteorological stations 
only describe the broad features of a zone of 
precipitation ignoring the randomness of small scale 
features within it. For this reason the statistical 
treatment of periods of wet and dry weather used in 
the model is a reasonable compromise. The 
assumption of a uniform rainfall distribution at all 
points in the study area is a weakness, but recent 
work by Smith (1981) using a model virtually 
identical to the MOE model, but in which the 
probability of rainfall is allowed to vary in 
different regions, shows that solutions are 
relatively insensitive to variations in rainfall 
distribution. A directional dependence in the 
rainfall distribution could be tried in the model, 
but because of the insensitivity to parameter values 


would probably not change conclusions. 


The (Lagrangian) durations of wet and dry periods 
are as important as the rate constants for wet 
deposition, in determining the overall wet 
deposition over the study area. The appropriate 
values of these parameters are hard to determine, 
since they require statistics of rainfall duration 


following the movement of the predominantly dry or 
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wet air masses. (This Gan be checked in the 
sensitivity analysis on the MOE model). The ratio 
of the durations is (approximately) equal to the 
fraction of the time it rains, so that these are not 
independent variables and should be adjusted 


separately in the sensitivity analysis. 


The values of the rate of dry deposition of SO, and 
Sulphate are known to greater precision than the 
corresponding paramters for wet deposition. 
Certainly the processes of dry deposition are 
understood nore fully than the wet processes. The 
values chosen in the MOE model are a reasonable 
compromise between the values in the literature, 
which show considerable variability, and probably 
reflect real differences. However, rates of dry 
deposition from model calculations have not been 
presented (Venkatram et al., 198la; MOE, 198la). 
Though dry deposition rates are not measured 
directly, airborne concentrations of SO, and 
Sulphate are, and these are proportional to the dry 
deposition rates. Thus both airborne concentrations 
and dry deposition rates should be derived from the 
model. The dry deposition is relatively insensitive 
to the dry deposition rate constants. The total 
deposition (dry plus wet deposition) should also be 
calculated. It may be an important factor in 


determining possible harmful effects. Estimates of 


total deposition will ensure that a balance between 
emissions and deposition has been maintained. The 
total deposition is also relatively insensitive to 


the individual rate constants. 


One would expect the conversion in the vicinity of 
the source regions to be higher than that at longer 
distances, since the concentrations of other 
pollutants and oxidising species is higher. This is 
taken into account in the MOE model, to some extent, 
by assuming that a fraction of the sulphur is 
emitted directly as sulphate. However, the 
fractional emission of sulphate is only 2% which is 
rather less than that found in European work, Smith 
(1975); Eliassen (1978). A value of 10% for the 
fractional emission of sulphate may be more 


appropriate. 


So far no specific data on the average behaviour of 
air masses in the study area have been used in the 
model. This is the most obvious area where the 
model can be improved. However, it is noted that a 
Statistical analysis of trajectories has already 
been completed and supports the existing 


parameterisation. 


There is one effect in the MOE model that is not 
taken into account and that is the amount of 


deposition which occurs locally, that is within the 


Pit Gur 


basic grid squares (of length 100 km) into which 
area sources and the output from the model are 
resolved. In order to derive deposition patterns on 
a scale less than 100 km another sort of dispersion 
model would be required. This means that at any 
measuring site the model will underestimate by an 
amount due to local sources. It is also necessary 
in long range transport models to allow for dry 
deposition which occurs within the grid square 
containing a source, before the emitted material 
Spreads through the mixed layer. An adjustment in 
the actual source strength must be made, which is a 
function of source height. For low-level sources 
the effective source strength is 0.7 to 0.8 of the 
actual source strength, while for high-level 
Sources, with lower ground level concentrations near 
the source, the effective source strength can be 
taken to be nearly equal to the actual source 
strength. The neglect of this effect in the MOE 
model when applied to power plants, is not 
important, but when applied to the total impact of 
regions it can be of some Significance. As it 
Stands the MOE model does not Supply information on 
the relative importance of high and low level 


sources. 


Some operational models allow the mixed layer depth 


to vary with time along a trajectory. This clearly 


happens in reality - but since the MOE model is only 
used for averaged quantities the inclusion of such a 
detailed effect is not justified. In fact, more 
advanced models seem to support the use of simple 
models for operational purposes, provided the 
limited accuracy of such models is borne in mind and 


the quality of monitoring networks remains the same. 


An important parameter in models of sulphur 
transport over long distances is the so-called 
"background" concentration of sulphate in 
precipitation. . This is sulphur which cannot be 
directly related to sulphur emissions within. the 
study area, but which can be an important fraction 
of the total wet deposition at sites remote from 
sources. The origin of this background is 
uncertain. It may be due to a global natural 
background, very distant man-made sources, material 
which leaves the study area and then returns after a 
long travel path or material which escapes into the 
troposphere above the mixed layer and is later 
involved in precipitation. The MOE model makes some 
allowances for this. Further investigation of wet 
deposition measurements at remote sites is required 
to establish more exactly the magnitude of this 
background. In the Muskoka-Haliburton region of 
Ontario it appears to represent 15-25% of the annual 


wet deposition. 


A.10 It is important to test models against 


measurements. It has already been recommended that 
other outputs from the model, such as concentrations 
of SO and sulphate should be used in this 
validation. Data from the CANSAP network appears 
somewhat suspect. Data from the Canadian Air and 
Precipitation Monitoring Network (APN) (Barrie, 
Wiebe, Fellin and Anlauf, 1980) should be used, when 
it becomes available, and data from American 


networks. 


It is noted that the MOE, amongst other interested 
parties, is starting an extensive monitoring network 
related to acid precipitation across Ontario 


(Chan & Vet, 1981). 
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APPENDIX 11 


A REVIEW OF 
"A SUBMISSION TO THE UNITED STATES ENVIRONMENTAL 
PROTECTION AGENCY OPPOSING RELAXATION OF 


SO 7 EMISSION LIMITS IN STATE IMPLEMENTATION 
PLANS AND URGING ENFORCEMENT" 


BY 


DANIEL J. MCNAUGHTON 
CERTIFIED CONSULTING METEOROLOGIST 


DIRECTOR OF AIR QUALITY MODELING 


NORTH AMERICAN WEATHER CONSULTANTS 
1141 EAST 3900 SOUTH, SUITE A-130 
SALT LAKE CITY, UTAH 84117 


JULY 1981 


PREPARED FOR 
THE MINISTRY OF THE ENVIRONMENT 


THE PROVINCE OF ONTARIO 


I Introduction 


In March, 1981 the Province of Ontario provided the 
U.S. Environmental Protection Agency with a report 
entitled "A Submission to the United States 
Environmental Protection Agency opposing the Relaxation 
of S09 Emission Limits in State Implementation Plans and 
Urging Enforcement". This review of the submission and 
supporting documents was funded by Ontario with the 
objective of providing an unbiased technical examination 
of the report's contents and conclusions. The Ontario 
submission provides background descriptions of issues and 
a discussion of Ontario's interest and legal position on 
the issues. Technical components of the report cover the 
causes and effects of acidic deposition in Ontario, the 
significance of emission increases at the plants in 
question, and Ontario's own mitigation efforts. The 
scope of this review is directed by the author's area of 
expertise in long range pollutant transport modeling and 


analysis. Topics included in the review are: 


1. Long range pollutant transport relative to the 
northeast United States and Ontario 


2. Analysis techniques used by Ontario in their 
submission 


3. Data available for analysis 
4. Validation of analysis techniques 


5. General use of the Ministry of Environment 
simulation model in pollutant deposition studies. 


In the course of the review the author was provided 
free access to information used by Ontario in preparing 
their report. This includes support documents, 
references and discussions with the staff of the Ministry 


of the Environment (MOE). 


ifag Summary 


In the following sections the review of the Ontario 
submission and support documents touches on several 
technical areas, but concentrates on the adequacy of 
MOE'S statistical model in assessing probable effects of 
U.S. emission regulation relaxation. A determination of 
adequacy implicitly supports the contention that 
increasing regional SOj emissions does influence Canadian 


air quality. 


The following comments summarize the author's review 


of the Ontario analysis: 


The interboundary transport of pollutants is real 
and several studies support Ontario's view that the U.S. 


sources significantly influence Ontario air quality. 


Two approaches have been considered in explaining 
observed long term deposition patterns. The first 
suggests that deposition is controlled by the 
distribution of pollutants. The second downplays the air - 


concentration patterns and indicates that deposition is 


dominated by precipitation patterns given a sufficient 
pollutant mass. Ontario takes the first approach and 
presents a valid argument in stating that an increase in 
emissions in the region of contention will increase 
pollutant impact in Ontario. This is supported by 
studies simulating direct plume transport including those 
represented by MOE'S model results. Recent studies 
indicate that wet deposition rates for acidic species 
over long term periods are controlled by transformation 
and removal processes and patterns of precipitation thus 
following the second approach. It.is.not clear. that..this 
concept would yield significantly different conclusions 
on the impact of emission changes. Evidence is not 
available to determine if sufficient pollutant mass is 
always present to provide the maximum deposition possible 
in a storm. If scavenging is less than maximum, then in- 
creases in emissions and therefore concentrations would 


also increase deposition. 


Ontario has provided an assessment analysis using a 
simplified statistically based model. The model formula- 
tion accounts for the most important aspects of long 
range sulphur oxide transport including transformation 
and removal. These are simulated in a physically 
realistic manner consistent with models and assumptions 
of of other investigators. The model clearly has 
limitations but gives reasonable estimates of levels of 


long term pollutant concentrations and deposition values 


which are supported by limited verification studies. 
Sensitivity tests indicate that some variations in 
concentration and deposition patterns which the model is 
unable to simulate may cause significant deviations from 
the long-term mean values. These do not negate the value 
of the MOE estimates, but do show areas for model 


improvement. 


Ontario stated that ecological impacts are primarily 
caused by short-term heavy summer showers and spring run- 
off. This suggests that MOE may not have used an 
appropriate model since only long-term averages were sim- 
ulated. It is expected that a shorter term model would 
indicate higher impacts in Ontario's ecologically 


sensitive areas than those presented. 


TLS Long Range Pollutant Transport in the 


Northeastern United States and Ontario 


The MOE'S discussion of emissions changes 
concentrates on long range transport of sulphur dioxide 
(SO) since it is this pollutant whose emissions are sub- 
ject to change of the United States relaxed emissons 
limitations. Also sulphur oxides appear to be the 
dominant controlling species in both acid deposition 
problems (McNaughton, 1981) and in visibility reductions 
due to small particles (Lyons et al., 1978). The 


submission makes the valid point that there is 


significant longe range transport of pollutants across 
the U.S./Canadian Border. Investigators have indicated 
that transboundary pollutant transport is significant. 
For example, Shannon (1981) attributes equal 
contributions from the U.S. and Canada to Ontario's 
acidic deposition. The Ontario submission also documents 
transboundary pollutant transport and has used previous 
studies (e.g-., Kurtz and Scheider, 1980) to identify 


broad source areaS. 


The report goes on to describe the use of a 
statistical model to simulate transport in the regional 
air shed encompassing Ontario and most of the northeast 
United States. This model is described in the following 
sections. Much has been reported on the inaccuracies of 
methods used to identify pathways for pollutants from 
sources to affected receptors, as well as whether 
patterns of acid rain are due primarily to rainfall 
patterns or air concentration patterns defined by the 
pathways. The Ontario submission is a reasonable attempt 


to estimate pollutant pathways using a valid technique. 


The alternative, estimating deposition based primar- 
ily on rainfall patterns scavenging a regional airshed, 
was discussed by Wilson et al., (1980). It suggests that 
over long time periods rainfall patterns control wet 
deposition as long as a sufficient pollutant mass is 


Available. In this reference, they do source/receptor 


trajectoy studies, but explain that sufficient data is 
not available to show pathways. Although it was not used 
in the MOE model, the regional air shed concept should 
not be dismissed, since the importance of precipitation 
patterns has been acknowledged. One suggestion for 
improving the MOE model, which will be discussed in 
Section 4, is to add spatial variability to precipitation 
related parameters and therefore increase precipitation 


dependence. 


The unresolved question in current analyses of the 
regional airshed idea is whether concentration levels now 
exist which represent the maximum rate controlled levels 
for formation and deposition. Ontario states correctly 
that it shares the airshed with the highly developed 
U.S. emissions areas in which SIP changes are proposed. 
If concentrations are not at the rate controlled level, 
then any increase in emissions in the airshed will impact 


Ontario. 


IV Simulation Techniques Used by Ontario in 
Assessing the Impact of State Implementation 


Plan (SIP) Revisions. 


Two basic approaches have been used in long range 
pollutant transport modelling. The first simulates 
transport for a sequence of short term meteorological 


conditions and accumulates the results (i.e., McNaughton, 


meteorological data and performs calculations to directly 
simulate mean concentration and deposition. The statis- 
tical modelling approach was used by the Ontario Ministry 


of the Environment for their study (MOE, 1981). 


Both models have advantages, and hybrid versions 
have been developed to make full use of model 
capabilities (Shannon, 1981). The MOE statistical model 
offers the user a large degree of computational 
efficiencey, but has the disadvantage of requiring 
analysis of data bases collected over long periods of 
time to obtain fully representative parameters. Tt also 
is limited to providing concentration and deposition for 
the time period represented by the statistical 
parameters. The MOE model results represent annual 
concentrations over a number of years and could only be 
rigorously verified using a long term (i.e., 


approximately 5-10 year) data base. 


This section is a review of the MOE model and its 
use in the submission to EPA. Subsections consider model 
input data, model formulation, model testing, and the ap- 
plicability and use of the model in the SIP revision 


assessment. 


4.1 Model-Input-Data 


The statistical nature of the MOE Model limits the 
input data required for simulations to emissions data and 
various parameters. Statistics for the mean transport of 
pollutants (i.e., mean trajectories and spread statis-— 
tics), the frequency and duration of rainfall, and other 
parameters deposition representing plume dispersion, 
chemical transformations and pollutant depostion were 
selected primarily from values given in the. technical 


literature. 


Emissions inventory data for the Ontario study 
represent the best annual average data available. 
Unfortunately, the emissions data bases are not precise 


due to a number of causes: 


° errors in the data 
° uncertainty in natural emission/omitted pollutants 


° use of crude emissions estimate techniques rather 
than measurements 


° high year-to-year and short-term variability in real 


emissions due particulary to variability in plant 
Operating schedules and fuel sulphur content. 


As a result, assessments made using this data should be 
evaluated with a clear knowledge that such an evaluation 
examines both the simulation model and the emissions 


data. 


=" 70 “= 


Various estimates of inventory error have been made 
which are probably applicable to the MOE analysis. 
Estimates of emissions for Europe are reported to an 
accuracy of 30% (OECD, 1979) while the best U.S. Regional 
Inventories differ by approximately 10% (Benkovitz, 1981) 
indicating error at least to that level. Natural 
contibutions to sulphur oxide emissions may be 
significant in accounting for the Origin or totaL 
atmospheric sulphur but in areas such as the Northeast 
U.S. the contribution is small (Rice et al., 1981). 
Natural and anthropogenic inventories of oxides of 
nitrogen sources appear to be less critical in the acid 
deposition estimates (McNaughton, 1981; Galloway and 
Likens, 1981) which is fortunate due to the lack of 


reliable data. 


The Ontario analysis minimizes the impact of 
emissions errors and variability through the use of an 
incremental technique. The total SO, emissions inventory 
for 1979 is used to estimate sulphur deposition levels. 
The impact of modifying emissions regulations is examined 
by a comparison of deposition from the 20 plants under 
study in each scenario to the base case. Base emissions 
for the 20 plants under study were calculated using 
actual fuel consumption, heat content, and average fuel 
sulphur content values provided by the Federal Power 
Commission. Current and proposed State Implementation 
Plan emissions limits were added to the analysis using 


heat input data calculated with the 1979 FPC data and 


applying the emissions limits. As a result, the reported 
differences in impact reasonably reflect the effect of 
the proposed emissions changes for the most recent year 


with complete data. 


4.2 The-Model-Components 


The MOE statistical model is made up of two 
components representing pollutant dispersion and scaveng- 
ing by transformation and wet and dry deposition. The 
model components are independent probability density 
functions. The first assesses the probability, as a 
function of travel time that pollutants released from a 
point will be transported to a receptor. The second 
assesses the probability that a pollutant will be 
transformed or be scavenged. The probabilities are then 
multiplied and intregrated over time to effectively 


distribute the emissions over the region of prediction. 


4.262 Dispersion Component 


Dispersion in the MOE Model follows the assumption 
that long term concentrations are insensitive to short 
term fluctuations in meteorology. This assumption, 
utilized by others (e.g., Shannon, 1981; Fay and 
Rosenzweig, 1980), can be expected to reasonably 
represent long term averages. The probability function 


for horizontal dispersion assumes that trajectories are 


randomly distributed in the horizontal plane primarily as 
a result of large scale synoptic conditions. The 
distribution is defined by mean trajectory end points and 
standard deviations in the downwind and crosswind 
directions. These are applied uniformly to all sources 
regardless of location. The values of the parameters 
would ideally be calculated from long term measurements, 
but such a long term analysis has not been undertaken. 
Shannon (1981), who requires similar data, has selected a 
data set based on two years data and acknowledges the 
hazards of potentially unrepresentative data. The 
Ontario MOE makes reasonable assumptions based on values 
given in the meteorological literature. A report on 
regional scale climatological concentrations by Machta 
(1979) indicates that the values selected for mean wind 
direction are reasonable, although the mean wind speed is 
somewhat high. Sensitivity tests of the model indicate 
that use of a high wind speed would slightly modify 
deposition near sources resulting in increased deposition 
in western quadrants and decreased deposition in eastern 


quadrants. 


In summary the dispersion calculations represent a 
simplified but valid approach to the problem of pollutant 
transport which compensates for a lack of long term data 


with carefully selected parameters. 


i eee? Ae Scavenging Component 


The scavenging model has its basis in a number of 
previous models and is representative of the research 
direction of other investigations Ke «gia. ISmteh: pIUR9 82). 3 
The model is complete with its formulation including the 
emissions of the two predominant sulphur species and the 
Simplified schemes to estimate dry deposition of pollut- 
ants, Scavenging or removal by precipitation, and the 
chemical transformation from SO to sulphate. In the 
model, different equations representing the conservation 
of material are written for SO5 and sulphates depending 
On whether or not release was during wet or dry periods. 
The distinction between wet and dry periods is important 
in accounting for the change in removal parameters during 
rain. Conversion of mass under wet or dry conditions is 
accomplished by specifying a different mean time scale 
for each condition. The material conservation equations 
are solved analytically to provide convenient expressions 
for probability density functions which answer the 
question, "What is the probable fate of emissions after a 


specific travel time?". 


Parameterizations selected by the Ontario MOE for 
Scavenging, transformation and dry deposition parameters 
are those commonly used by other investigators (Husar and 
Husar, 1978). MOE recognizes the important distinctions 


among typically quoted values and attempts to avoid 


aa) Aare 


problems associated with their use in a statistical 
model, particularly where over-prediction of removal is 
possible. Dry deposition rates are modified to account 
for the effect of diurnal change. SO, to SO4 transforma- 
tion rates used (1%), are reasonable except in represent- 
ing transformation in clouds. MOE acknowledges the 
problem and accounts for it in a different manner than 
the author (McNaughton and Scott, 1980), but further 
research is required to establish the best method. A 
critical feature of this class of models is the duration 
of wet and dry periods. Values selected by the MOE are 
in the range of those identified in other data analyses 


(e.g., Henmi and Reiter, 1978). 


433 Evaluation of the MOE Model 


The Ontario MOE analysis of SIP emission limit 
changes makes use of a model which has been tested both 
to verify results and to investigate the sensitivity of 


results to model parameters selected for the study. 


Asda s Model Verification 


Results of the statistical assessment model have 
been compared to air concentration fields for sulfates as 
well as deposition patterns. SO, patterns were not exa- 
mined due to the high local variability of concentration 


patterns which are not adeqately simulated by the model. 


Modeled annual air concentration patterns for 
sulfates were compared to data from nine U.S. sites with 
data from the Sulfate Regional Experiment (Misra, 1981). 
The model generally under-predicted sulphate 
concentrations but all concentrations were within a 
factor of two. No other meaningful performance 
statistics for concentrations were available due to the 


small sample size. 


Deposition data from the MOE model were compared to 
contours of deposition compiled by Galloway and Whelpdale 
(1980) from a number of measurement programs. In 
general, the model underpredicted deposition, but a con- 
sistent and complete comparison of observations to 
predictions was apparently nullified by questionable data 


quality and/or consistency. 


The deposition data and concentration data examined 
do show a general and significant pattern of model under- 
prediction. It is interesting that Shannon (1981) 
observed the same under-prediction problem with a hybrid 
statistical model as did McNaughton (1980) with a sequen- 
tial trajectory model. McNaughton and Scott (1980) later 
found that they would avoid the under-prediction of 
deposition by a consideration of incloud conversion of 


SO7 to sulphate. 


ar 5%.2 Model-Sensitivity Tests 


Model sensitivity tests study the effects or 
sensitivity of changes in model parameters. They are 
very beneficial in understanding the complex interactions 
of parameters presented by the models. The MOE 
statistical model was tested for the sensitivity of wet 
deposition to 15 parameters. The model was found to be 
most sensitive to parameters which have to do with the 
amount of pollutant available for removal. These are 
wind speed, wind direction and spread statistics since 
they relate to getting the pollutants EO5A TeECePTOLr 
Also, it is sensitive to SOj wet and dry scavenging 
parameters as they determine the mass of sulphate which 


can be formed and removed. 


Examination of sensitivity tests by the author does 
not suggest obvious differences from other models in 
terms of parameters. Similar models by Smith (1981) and 
Shannon (1981) do show a directional sensitivity which 
might impact MOE model assessments. Shannon with a 
statistical transport module indicated that year to year 
changes in specified wind data could result in a 9-30% 
change in pollutant flux over the U.S./Canadian border. 
Smith stresses the importance of describing the 
non-uniformity in precipitation fields. These tests 
suggest that year-to-year and shorter term fluctuations 


represented by spatially varying parameters may result in 


deposition patterns which could be higher or lower than 


those presented in the submission. 


4.4 Use of the Ministry of the Environment 
Statistical Model in the Long Range Transport 


Assessment 


The MOE statistical model provides estimates of long 
term concentrations of SO> and sulphate in air, as well 
as deposition estimates. The previous section indicated 
that the model has reasonable success in prediction, but 
quantitative verification statistics could not be 
calculated. The available verification data are not 
sufficient to provide long term averages comparable to 
the model. In addition, little or no valid dry 
deposition data are available. However, in light of the 
model performance record and the model formulation, the 
author feels that the model used can provide estimates of 


long-term pollutant averages. 


In the Ontario submission, emphasis was placed on 
ecological effects due to deposition of acidic species. 
The ecological effects quoted in the submission are 
primarily a result of acidity changes in lakes due to 
pollutant scavenging in short term summer showers and 
acidic spring runoff. The runoff represents a somewhat 
longer term effect, as a result of the accumulation of 


pollutants dry deposited on winter snow fields, with wet 


deposition occurring by winter precipitation. Estimates 
of pollutant impacts in both of these applications may be 
misrepresented using the MOE model since they are 
short-term questions. NOB Gat average concentration and 
deposition values given by the MOE model would probably 
under-estimate maximum short-term impact of increased 
emissions from southerly sources. This hypothesis should 
be tested with a modification of the MOE model or use of 
another model to better match the time scales of model 


predictions to impact periods of interest. 
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SUMMARY 


A simple statistical model is presented for estimating long-term 
concentrations of pollutants associated with long-range transport. Dispersion and 
removal of pollutants are described in terms of statistics of these physical 
processes. The model has been used to estimate wet deposition of sulfur over a 
grid covering Northeastern United States and Canada and model estimates compare 
well to corresponding measurements of annual deposition. The model was then 
applied to estimate the relative contribution of major Sudbury region sulfur dioxide 


emitters, INCO and Falconbridge. 


Four emissions scenarios were considered. First was the base case' emission 
inventory where INCO and Falconbridge's emissions were represented by 1977 
amounts. Second was the strike/shut-down emission scenario and third was an SO? 
emission inventory based on the December, 1980 emission limits. The fourth 
inventory was calculated from Falconbridge's December 1980 emission limit and 
the August 28th, 1980 Control Order limit for INCO effective January 1, 1983. 


The model estimate for the 'base case' emissions showed that the Sudbury 
region contributed 5 - 30% of the total sulfur deposited during precipitation in 
most of north-central Ontario and western Quebec. Falconbridge contributed 1 - 
5% while the remaining portion was due to INCO's emission except for a small area 


and small-point source contribution which did not exceed 2%. 


The second emission scenario was chosen to show the change in the long-term 
deposition of sulfur in rain that a reduction in emissions equivalent to the 
strike/shut-down emissions would cause. For this scenario total 1978 and 1979 
emissions for INCO and Falconbridge were averaged to estimate an emission 
representative of this period. The model result for this scenario showed that the 
Sudbury region contributed 2 - 20% of the total sulfur deposited in rain in north- 
central Ontario and western Quebec. Similar reductions from the 'base case’ are 


seen for the individual large emitters. 


The emission inventory for the third case represented INCO and Falconbridge 
emissions by the December, 1980 maximum limits defined by their Control Orders. 
For this scenario Sudbury's contribution to deposition in north-central Ontario and 


western Quebec was estimated to be approximately 3 - 25%. 


The fourth scenario modeled the long-term contribution of major Sudbury 
emitters assuming INCO's emissions are the maximum allowable as of January 1, 
1983. The results of this simulation showed in north-central Ontario and western 
Quebec emission from the Sudbury region would have contributed 2 - 23% of the 
total sulphur deposited during precipitation. Reducing the model emissions for the 
Sudbury region from 1977 to projected 1983 levels decreased this area's 
contribution to wet deposition in Muskoka-Haliburton over a long time period by as 
much as 7% of the total 1977 wet deposition. 

Care must be taken in the interpretation of these results. We emphasis that 
the model results are estimates of long-term long-range wet deposition rates 
expressed an annual amounts and should not be expected to compare well with 


measurements taken either near the emission sources or over short periods to time. 
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INTRODUCTION 


Several studies have shown that relatively simple models can provide 
acceptable estimates of long-term SO2 and SO4 concentrations associated with 
long-range transport. Using a numerically efficient statistical model Fisher (1978) 
has been able to compute sulfur deposition rates which are comparable to those 
obtained from models such as that developed by Eliassen (1978; see also Johnson et 
al., 1978) which require considerable more data input as well as computational 
effort. In a recent paper, Fay and Rosenzweig (1980) have shown that a simple 
analytical model based on the two-dimensional diffusion equation is capable of 
yielding SO2 and SOg concentration estimates which compare rather well with 
measurements made over the United States. Thus, there is empirical evidence that 
simple models "work". The long range transport model presented in this paper is 
based on this idea. We will show that it incorporates useful features which 


represent improvements over earlier work. 


Our model is statistical in the sense that the physics of transport is 
paramaterized in terms of statistical parameters. The basic premise of this class 
of models is that long-term concentrations are insensitive to short-term 
fluctuations in meteorology. It is assumed that concentrations averaged over 
periods of the order of a year reflect "mean" patterns of the large scale 
meteorology. This allows us to take a simple approach to the modeling of long- 


range transport. 


The model described in this paper consists of two components, namely the 
scavenging and the dispersion submodels, each of which will be described 
separately. Then we will demonstrate the use of the model by comparing wet 
sulfur deposition estimates with measurements presented by Galloway and 
Whelpdale (1980) and, finally, we will apply it to the estimation of the annual wet 


deposition of sulfur from emissions in the Sudbury region. 


SCAVENGING MODEL 

The treatment of the removal of sulfur is similar to that proposed by Rodhe 
and Grandell (1972) and used by Bolin and Persson (1975) and more recently by 
Fisher (1978). However, this submodel is more "physically" based and it will be 
seen that it is capable of handling more general physical situaitons than those by 
the model of Rodhe and Grandell! (1972). 


The model is based on the idea of classifying pollutant particles and "wet" 
and "dry". Wet particles exist during precipitation and dry particles during dry 
periods. On a long term, every travel time from a source is associated with a 
certain amount of dry particles and a certain amount of wet particles. Using this 
concept we can formulate differential equations for the evolution of these 
particles as a function of travel time from the source. Before doing so we will 
clarify a few concepts. Wet particles, released during precipitaiton, retain their 
identity until they encounter a dry period. Following Rodhe and Grandell (1972) we 
will assume that the average rate of "conversion" from wet to dry particles is 
inversely proportional to the average length of wet periods in a Lagrangian sense. 
A similar assumption can be made regarding "conversion" of dry particles to wet 
particles. Further, we will assume that the scavenging coefficients do not vary 
with travel time. However, they are different for wet and dry periods. If we 
denote SO? by G and SOy by S, their evolution can be conventiently shown in Fig. 
1. In the figure, \ refers to the SO7 scavenging coefficient, k is the SO? to SO4 
conversion rate, 4 is the SO, scavenging coefficient, T is the average length of wet 
or dry periods, and subscripts 'd' and 'w' refer to dry and wet particles. We see that 
the 'species' Gq (dry SO) is depleted through dry deposition (4g), conversion to 
sulfate (kg) and conversion to wet SO2(1/Ty). We also note that wet SO? is 
converted to dry SO? at a rate given by (1/T,). The evolution of sulfate as a 
function of travel time is modeled in a similar manner. It is important to note that 
the particular form of the conversion from dry to wet particles or vice versa is 
based on the assumption that the cumulative frequency distribution of wet or dry 
periods is exponential (Rodhe and Grandelil, 1982). From the diagram we can 


immediately write down the equations for G and S. 
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If Qso2 and Qsoy denote the amount of SO2 and SO4 released at the source 
we can write 


cg ° BS (3a) 
G (0) FiXso, # g (0) *w'so, 
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In (3), fg and fy are the fractional dry and wet periods at the release point. With 
(3) the solutions of (1) and (2) readily follow 
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Details of the solution are given in the appendix. 


After writing this paper we learnt that F.B. Smith (1980) has developed a 
scavenging model based on equations almost identical to ours. In his paper he 
provides considerable physical insight into the meaning of wet and dry periods 
which determine the particle "type" as used in our model. He also considers the 


effect of the variation of rainfall rates on the evolution of G and S. The 


Bges 


significant conclusion of his study is that it is necessary to differentiate between 
mobile wet and dry synoptic regions in order to make realistic estimates of sulfur 


deposition. 


It is seen from the formulation of the model that we can specify different 
removal rates for dry and wet periods. This can be useful in sensitivity studies. 
For example, it is easy to test the recent hypothesis (McNaughton and Scott, 1980) 


that the SO7 to SOy conversion rate is higher during rain than during dry periods. 


DISPERSION MODEL 


The long-term concentration C(r,t) at point r at time t can be written as 
(Lamb, 1980) \ 


t 
T(r,t) = Q ay p(rst|r, st! )dt* 5) 


ai 


where Q is the emission rate of the source located at fs and p(r,t | Tait) is.) the 
probability density that a particle released at rs at time ft’ will be found at r at 


time t. If we assume that p can be expressed as 


p(r.t[rst') = p(r[rost-t') (6) 


Equation (5) becomes 


Er) = Q is P(rirgs t)de ) 


Note that t is the time of travel between r and rg. To proceed further we will 
assume that scavenging and dispersion are independent. Fisher (1978) and Bolin and 
Persson (1975) have used this assumption in their models. This then allows us to 


express p as 
P(r[rost) = M(c)D(r[ rest) (8) 


where M(% depends only on removal mechanisms and D(r | 539 is a function of large 
scale dispersion. It is easy to see that M(7) corresponds to the functions Gq, Gw, Sd 
and Sy, (See Eq. 4) for unit release and is essentially the probability that a particle 


will survive after a travel time T 


The dispersion function D(r lrs3 will depend on large scale wind patterns. 
Bolin and Persson (1975) and Shieh (1977) have shown that the Gaussian puff 


equation is appropriate here 


D(rir. T Ody, 26,2 
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where £(z,% describes the vertical dispersion. The parameters of the distribution 
x(D, ¥(D are the co-ordinates of the mean particle position after travel time t from 
the release point. The dispersion parameters d,(7) and 4,(%) correspond to standard 
deviations of particles about (x,y) after travel time 7 from the source. These 
parameters can be determined from trajectory statistics as suggested by Bolin and 
Persson (1975). 


EMISSION INVENTORY 


Figure 2 depicts the distribution and relative magnitude of the points which 
comprise the sulfur oxides in this study. The emission data for the model were 
collected from several sources. In the northeastern sector of the US it was 
compiled from the EPA point source inventories (Benkowitz; 1979) and the GCA 
(consulting company contracted by EPRI) major point and area source records. The 
Canadian emission points except in Ontario were taken from the AES preliminary 
point and area source inventory (Voldner et al., 1980). The Ontario points were 


extracted from the Ontario Ministry of the Environment sulfur emissions inventory. 


Since we wished to limit the required computational resources, when feasible, 
we lumpted sources together. All large ( > 100 kTonnes SO?/yr.) point sources 
listed in the above mentioned emissions data and 95% of the major ( > 10 kTonnes 
SO2/yr) point sources were incorporated into the model's inventory (usually 
grouped) to form effective point sources located at the emissions-weighted 
geometric means of the co-ordinates of the contributing points. Care was taken to 
amalgamate only sources situated in similar geographic. settings and, in general, 
less than 50 km apart. Approximately 60% of all area emissions and 72% of all 
minor point emissions were incorporated into the inventory shown in Figure 2 by 
adding minor point sources and area sources located near (= 50 km) major points to 
that point or combining small sources concentrated in large urban centers to form 
effective point sources. Area emissions represent approximately 10% of the total 


emissions while small point sources account for about 17% of all SO? emissions. 


SPECIFICATION OF DISPERSION PARAMETERS 


The wet and dry deposition of sulfur depends on the vertical distribution of 
the pollutant as well as the turbulence in the diurnally varying planetary boundary 
layer. These factors have to be accounted for in modeling deposition and 
concentration fields averaged over time scales of the order of a day. However, 
Maul (1980) shows that estimates of annual averages of these variables are 
relatively insensitive to the details of the vertical concentration distribution. 
Furthermore, Eliassen and Saltbones (1975) and Johnson et al. (1978) have 
sucessfully predicted long-term averages, assuming that sulfur is well-mixed 
through a boundary layer which is invariant in space and time. On the basis of 
these studies we took the distribuion of SO7 and SOy to be uniform in the vertical 
through the depth of a constant mixed layer. We should point out that this limits 
the resolution of the model to distances of the order of 100 km from major sources. 
Closer to the sources the assumptions of this model may not be appropriate for 


estimating the local contribuiton of the emitter. 


The large scale horizontal distribution of pollutants is determined by the 
parameters X, y, 0x and Oy, For the co-ordinates of the mean motion of large scale 


eddies we assume that 


(10) 


where u is the mean velocity of synoptic eddies and T is the travel time from the 
source. Equation (10) expresses the fact that at mid-latitudes weather systems 
move from the west to the east. Fay and Rosenzweig (1980) have used this 


assumption in their modeling exercise. 


The analysis of trajectories by Slinn et al. (1979) and Bolin and Persson (1979) 


suggests that 0, and dy can be espressed as 


(11) 
Oy = OyT 
On the basis of statistical dispersion theory it is reasonable to assume that 9y and 


oy are the standard deviations of the horizontal velocity fluctuations of synoptic 
SHguS 


turbulence. These statistics could be derived by sampling 850 mb winds over 
periods of the order of years. Tennekes (1977) suggests the following values for the 


large-scale velocities 
ose 0) MSs 5.04 = 10 ms~!, oy = 6 ms-! 
We should point our that our choice of the horizontal dispersion parameters is 


tentative. They will be modified when we have completed a statistical analysis of 
trajectories. 


SCAVENGING PARAMETERS 
The stochastic scavenging mode! allows us to distinguish between wet and dry 
periods. This, as we shall see later, is a useful feature of our long-range transport 


model. 


The transformation of SO7 to SOy is a complex process which depends on a 
number of physical variables such as solar intensity and ambient ozone 
concentration, (see Wilson and Gillani, 1979). For long-term modeling we assume 
that the conversion rate is 1%/hr, a value which is an "average" of field 


measurements made during dry periods (Wilson and Gillani, 1979). 


Our knowledge of the conversion of SO2 to SOy during rain is almost non- 
existent. There is some indirect evidence (McNaughton and Scott, 1930; 
MacCracken, 1978) to indicate that incloud conversion of SO2 to SO4 can be 
greater than 10%/hr. Scott (1980) suggests that more than 60% of the sulfur in 
rain falling in summer is associated with SO2. The it is reasonable to assume that 
the rate at which SO? appears as sulfur in rain is limited by the rate at which SO? 
is incorporated into precipitating clouds. The rate at which clouds take up the SO2 
is approximately given by w/z; where w is the mean updraft velocity at cloud base 


and z; is the mixed layer height. w is given by (Smith and Hunt, 1979) 


In (12), py is the density of water, R is the precipitation rate and M is the water 
content of the air entrained into clouds. Typical values for these variables are M=5 
- 10 gm-3, R=1 mm/hr and z;=1000 m. We then find that the "effective" washout 
rate w/z; for SO? is ~3-6x10-9s-!. This suggests that one way of accounting for 
incloud oxidation of SOz to SOy is to add an effective washout rate to the actual 
wet removal rate of SOz. An alternative is to increase the oxidation rate during 
precipitation. McNaughton and Scott (1980) found that a 10%hr rate was necessary 


to explain measurements of sulfur in rain. 


Washout of SO? is a reversible process which is a function of pH of rain. The 
washout rate decreases with pH. For the range of pH (4 - 5) usually encountered 
the scavenging rate denoted by j is of the order of 10-5s-! (Garland, 1978). 
Johnson et al. (1978) use a value of 6 x 10-5s-! (R = 1 mm/hr) in their modeling 
study while Fisher (1978) is forced to use 10-45-! to explain the measured values of 


wet deposition. These relatively high values for j are a consequence of additional 
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washout" associated with incloud conversion of SO7 to SOy. We feel that using an 
increased washout for SO7 is the most convenient way to account for incloud 
oxidation. Increasing the conversion rate during precipitation (McNaughton and 
Scott, 1980) has the unrealistic feature of enhancing the sulfate concentration in 


the boundary layer. 


Maul (1978) has inferred th evalue of the SO2 washout coefficient from a 
time series of ambient SO? concentrations. He found that j could be described by 
the equation 

j=R (13) 


where & = 3 x 10-5. The linear dependence of j on R as well as the magnitude of a 
suggests that the "apparent" SO7 washout could be dominated by incloud oxidation 
of SO>. This idea appears to be supported by the work of Eliassen and Saltbones 
(1975) in which sulfur concentration in rain is related to SO? rather than SO4 
concentration. The effective j used in their study is “4.0 x 10-5. On the basis of 


these cited values for j we used 3 x 10-5s-! in our work. 


The precipitation scavenging of sulfate is represented by a linear removal 
rate a This assumption used by several authors (Fisher, 1978; Johnson et al., 1978) 
is clearly unrealistic for modeling precipitation events. However, it is probably 
less critical for long-term estimates of wet deposition. In our study we used 10-4 


s-! on the basis of Garland's review paper (1978). 


Measurements indicate that the dry deposition velocity vq of SO2 is of the 
order of | cm s~! during daytime. As suggested by Fisher (1978) we used vq = 0.5 


cm s-! to compensate for reduced deposition during stable nocturnal conditions. 


Sulfate is primarily in the form of aerosol whose median diameter is below | 
um (Garland, 1978). For this particle size range the deposition velocity is around 
0.1 cm s*!. We used Vg = 0.05 cm s-! for the reason given in the preceding 


paragraph. 


We have little guidance on the magnitude of the parameters Ty and Ty. As 
they are Lagrangian variables defined with respect to trajectories of air parcels 
they cannot be derived from routinely available Eulerian (fixed point) 
meteorological observations. Rodhe and Grandell (1972) have estimated these 


parameters assuming a ratio between fixed point and Lagrangian measurements. 
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Slinn et al. (1979) have made more reliable estimates based on actual trajectories 
originating from Kansas city. The averages of the January and July 1975 values 
are Tq=46 hours and Tw=7 hours which are comparable to those suggested by Rodhe 
and Grandell (1972). Our studies showed that model results are relatively 
insensitive to Tg and Ty, a conclusion which is in agreement with that found by 
Smith (1980). 


Table | presents the model parameters used in our simulations. The values of 


fq and fy are similar to those used by Fisher (1978). 
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MODEL TESTING 


The model described in the previous sections has been used to compute sulfur 
in rain falling over the grid system shown in Fig. 2. The long-term sulfur 


deposition has been computed from 
1 l= 
Dy Ess * 3°50 7] % Sh 


Figure 3 shows contours of Dy, obtained from the model. The emission inventory 
used corresponds to the year 1977. The figure also shows the locations of monitors 
set up by Canada and the United States to sample precipitation chemistry. The 
description of the network and the corresponding annual deposition values are given 


in the paper by Galloway and Whelpdale (1980). 


Table 2 presents the comparison between the model predictions of sulfur wet 
deposition and the observaitons. Based on values suggested by Fisher (1978) we 
used a background deposition of 0.2 gm~2s-!. It is seen from the table that model 
predictions of wet deposition in the CANSAP (Whelpdale and Berry, 1978) network 
are generally lower than the observed values. However, the model explains 76% of 
the measured variance in the deposition. Rejecting the value at receptor 11 as an 
outlier increases the r@ to 0.84. According to Whelpdale (personal communication) 
the measurement technique used in the CANSAP network might have led to an 
overestimation of the observations by about 30%. This should explain the 
predictions being lower than the measured values. It is interesting to find that 
regressing predictions against observations reduced by 30% results in a = 0.17 gm~2 


yr-! and b = 1.04 (regression coefficients). 


The ratio of observations to predictions for the American data is distributed 
fairly evenly around the ideal value of unity. However, the r2 is insignificant at 
0.09. Removing the outliers at receptors 24, 25, 26 results in a marked increase of 
the r2 to 0.47. We believe that the discrepancy between model estimates and 
measurements is related to the fact that the American data have been drawn from 
a number of sources which are not likely to be consistent in quality (Galloway and 
Whelpdale, 1980). 
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Note that model testing is anything but straightforward. This is because the 
correspondence between model predictions and observations is very difficult to 
establish. The model estimate is designed to correspond to the mean of the 
concentration distribution to which the measured value is assumed to belong. 
Therefore, we expect model predictions to deviate from observations. At the 
present time we have little information on this expected deviation and we cannot 
avoid a certain degree of subjectivity in evaluating model performance. For a 


discussion of this problem the reader is referred to Venkatram (1979). 


The classification of "outliers" in the data is not based on an objective 
criterion. But then we have rejected only 4 our of 26 points. It is useful to point 
out that 77% of the observations are within a factor of two of the predicitons. 
Based on "experience" with air pollution modeling we believe these model 


estimates of wet deposition of sulfur are acceptable. 


We should point out that model parameters used in this paper represent 
"standard" values quoted in literature (See Eliassen, 1980, for a review). We did 
not drive optimum values by "fitting" observations to model predicted depositions. 
This we believe lends credibility to the evaluation of the model. 
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EXAMPLES OF MODEL APPLICATIONS 


The model can be used to estimate dry deposition. However, since lack of 
data would not allow testing of model calculations, we have chosen to show only 
examples of applications of wet depositon estimates. Before doing so, we should 
point out an interesting aspect of sulfur deposition. Figure 4 shows the 
contribution of SO7 to the total wet deposition of sulfur. It is seen that wet 
deposition of sulfur is dominated by the apparent washout of SO2. This is clearly 
at variance with measurements (Dana, 1980) which indicate that SO? contributes 
no more than 40% to the sulfur in rain. However, the result tends to support the 
theory that incloud oxidation of SO2 to SOy is very important. As mentioned 
earlier the simplest method of including this process in a model is to use a high 
"apparent" SO? washout rate. It is interesting to note that other modelers (Fisher, 
1978; Johnson et al., 1978) have used SO? wet removal rates which are comparable 


to that used by us. 


Figures 5 and 6 show the relative contributios of the U.S. and Cananda to the 
wet deposition of sulfur. This type of information is useful for abatement plans in 
relation to the acid rain problem. It is seen that south of latitude 45° more than 
50% of the sulfur deposited in rain can be attributed to U.S. sources. Canadian 
sources in Sudbury and Noranda are major contributors primarily in regions in their 
vicinity. Note that background deposition of 0.2 gm-Zyr-! is dominant in Northern 
Canada. 
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ESTIMATED ANNUAL WET SULFUR DEPOSITION DUE TO 


EMISSIONS FROM THE SUDBURY REGION 
gaa Sse 


Sulfur dioxide emissions in the Sudbury region are dominated by two major 
emitters, INCO and Falconbridge. During the mid-1970's these sources combined 
to emit approximately 1340 thousand, metric tonnes of sulfur dioxide annually. 
Figure 7 depicts of sulfur dioxide emissions from Falconbridge and INCO during the 
past ten years. From this data the 1977 emissions were selected as representative 
of the mid-1970's time peirod and, therefore, compatible with available emissions 
data for other sources in northeastern North America. Emission inventories for 
long-range transport modeling always contain somewhat historical (3 - 6 years) 
data due to the large volume of data and the many agencies involved in their 


collection and preparation. 


The statistical model described and evaluated earlier in this report will now 
be used to analyse several emission scenarios. For this study the wet deposition of 
sulfur from sources in the Sudbury area will be estimated using the model 
parameters summarized in Table 1. However, before proceeding to describe the 
model results we will briefly discuss the temporal and spatical scope of the model 


with reference to the major emitters in the Sudbury region. 


The statistical model is based on the assumption that annual average 
meteorology can be used to describe long-term advection and dispersion of the 
pollutant. Intuitively this seems correct and the success with which the model 
estimates compare with the corresponding measurements of annual wet deposition 
of sulfur (Table 2) gives substance to this theory. However, the process of 
averaging removes short-term and small scale events and, as a result, the model 
only provides an estimate of average deposition over periods of the order of a year. 
Consequently all emission scenarios selected for Sudbury region have been chosen 
to represent long-term average emissions. For example, the regional emissions for 
the 1978-1979 strike/shut-down period will be represented by the two-year annual 
average emission while the actual emissions may have varied from almost no 


emissions to nearly full production. 


The current model parameterizaiton assumes instantaneous vertical 
homogeneity with all the pollutant emitted into the mixed layer. As a result, all 
processes or events occuring on the time/space scales less than those rquired for 
mixing to vertical homogeneity cannot be resolved by this model. The assumption 
of instantaneous vertical homogeneity is particularly questionable near the INCO, 
381 m chimney which, in 1977, emitted approximately 80% of the Sudbury region's 
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SO7 emissions. Frequently plumes released at this height are trapped above the 
mix layer and may travel large distraces before being vertically dispersed. 


Four emission scenarios will now be discussed. First will be the 'base case' 
emisison inventory where INCO and Falconbridge's emissions are represented by 
1977 amounts. Second will be the strike/shut-down emission scenario and third will 
be an SO? emission inventory based on the December, 1980 emission limits. The 
fourth inventory will be calculated from the current emission limit for 
Falconbridge and the August 28th, 1980 Control Order limit for INCO effective 


January 1, 1983. These emission scenarios are summarized in Table 3. 


Figure 8 displays the model estimate of the relative contribution of sources 
in the Sudbury area to the total wet deposition of sulfur assuming the 'base case' 
emissions for INCO and Falconbridge. The relative contribuiton of the Sudbury 
region is the ratio of the wet deposition of sulfur due to INCO, Falconbridge and 
other regional sources and the total wet deposition due to all sources in 
northeastern North America. The model estimate of the total wet deposition of 
sulfur due to all sources is shown in Figure 3 and is discussed earlier in this report. 
The relative deposition patterns for INCO and Falconbridge are displayed 


separately in Figures 9a and 9b respectively. 


The model estimate shows sources in the Sudbury region contribute 5 - 30% 
of the total sulfur deposited during precipitation in most of north-central Ontario 
and western Quebec. Near Sudbury the model predictions exceed 30%; however, as 
discussed earlier this close to the source the long-range transport model is no 
longer applicable. Comparison of Figures 8 and 9a show that during the mid-1970's 
INCO's emissions dominated the wet deposition due to sulfur emitted from the 
Sudbury region. However, Falconbridge (Figure 9b) did contribute a significant 
amount (1 -5%) of the total sulfur deposited during rain in the central and northern 


portions of Ontario and in western Quebec. 


Sulfur dioxide emissions from the Sudbury area were greatly reduced by shut- 
downs and strikes during the 1978-1979 period. To provide an estimate of the 
influence of this reduction on the long term pattern of wet sulfur deposition we 
calculate next the relative deposition pattern for Sudbury using INCO and 
Falconbridge two-year average annual emissions for 1978-1979. When calculating 
the relative deposition amounts the total wet deposition of sulfur from all 
northeastern North American sources is re-evaluated to relect the reduced 
emissions from the Sudbury area but all other emissions are assumed unchanged 


| from their 'base case' values. 
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The results of this reduced emissions scenarios are shown in Figure 10 and the 
individual relative contributions of INCO and Falconbridge are depicted in Figures 
lla and 1lb respectively. The effect of essentually halving the regional SO2 
emissions is obvious from the comparison of Figures 8 and 10. The model estimates 
show a reduction in wet sulfur deposition from 5 - 30% for the 'base case! to 2 -20% 
for the reduced emissions scenario over approximately the same region of north- 
central Ontario and western Quebec. The intent of this scenario is not to model 
deposition measurements during the strike/shut-down period since reductions in 
emissions during this time occurred as intervals of limited or no emissions rather 
than as an average decrease over the entire period. What the simulation does show 
is the change in the long-term deposition of sulfur in rain that an effective halving 


of Sudbury SO? emissions would cause. 


The third Sudbury region emission inventory was determined from the 
December, 1980 maximum emission limits‘of both INCO and Falconbridge. Based 
on these Control Orders the maximum annual emission was calculated assuming the 
daily maximum was emitted 365 days of the year. For Falconbridge the limit was 
465 short tons of SO? per day and for INCO (subject to the August 28th, 1980 
Control Order) it was 2500 short tons SO? per day. Figure 12 depicts the model 
estimate of the relative deposition pattern for this scenario. As well, for 
comparison, the relative contributions of INCO and Falconbridge are shown in 
Figures 13a and 13b respectively. The patterns for this emission inventory 
represent the maximum contribution of current Sudbury emissions to the long-term 
average deposition of sulfur at large distances from the emitters. Actual annual 
emissions are expected to be somewhat less than this limit; hence, Figures 12 and 
13 may be considered to present the current upper-bound on the long-term average 
wet sulfur deposition from Sudbury sources. This upper limit is subject to the 
assumption that emissions from all other sources have not changed significantly 
since the mid-1970's. 


The final emission scenario considered is based on the maximum allowable 
SO? emission for INCO after January 1, 1983 as defined in the August 28th, 1980 
Control Order. For this emission inventory we assume that Falconbridge's emission 
is the maximum currently allowed while all other sources are assumed unchanged 
form their mid-1970's annual emission rates. The exception being INCO whose 
annual emission is assumed to be 1950 short tons of SO? per day for 365 days per 
year. The results of this simulation are shown in Figures 14 and 15. Assuming no 
change in the magnitude of other sources the pattern in Figure 14 represents an 
estimate of the maximum contribution of Sudbury region sources to long term 
average deposition of sulfur during precipitation when INCO is subject to the 


January 1, 1983 sulfur dioxide emission limit. 
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CONCLUSIONS 


We have shown that a simple statistical model can provide acceptable 
estimates of sulfur deposition. This supports the conclusions of the studies by 
Fisher (1978) and Fay and Rosenzweig (1980). 


Our study indicates that SO2 could be a major contributor to the wet 
depositon of sulfur. This appears to support recent indirect evidence of rapid 
incloud oxidation of SOz and SO. If this is indeed physically correct we can 


simplify modeling by concentrating on SO2. 


Wet sulfur deposition in central and northern Ontario and Quebec from 
Canadian sources is dominated by SO? emitted by major smelting plants in Sudbury, 
Wawa and Noranda (See Figure 5). In the preivous section model calculations of 
the contribuiton of sources in the Sudbury region are presented for several emission 
scenario to estimate the long-term effect of reduced emission amounts. 
Comparison of these scenarios shows that reducing emissions from Sudbury would 
significantly reduce this region's contribuiton to the total deposition of sulfur 
during rain; however, Sudbury area emissions still would remain a major contributor 
along with Wawa and Noranda to deposition in the non-industrial area of north- 


central Ontario and western Quebec. 


These modeling results were determined based on the premise that long-term 
SO2 and SO4 concentrations are related to the "average" meteorological conditions 
(were the averaging time is of the order of years). As a result the model 
calculations are not comparable to experimental measurements made over 
relatively short periods of times when the weather conditions may deviate 
significantly from the "average". For example, the model results are not directly 
comparable with the results from field experiments for relatively short term 
events such as the shut down of INCO in Sudbury between September, 1978 and 
June, 1979. 


We realize that some of the assumption used in the model are questionable. 
For example, the statistics of disperison are not based on the analysis of 
trajectories. This analysis is in progress. Although model parameters are based on 
values quoted in literature we would like to perform a detailed sensitivity study in 


the future. Also we plan to incorporate the effect of source height into the model. 
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Table | 


Mode! parameters used in "base" case simulations 
l. Scavenging parameters 


SO> dry deposition velocity (vq) 7 = 0.5 x 10-2ms-! 
0.05 x 10-2ms~! 


SOxy dry deposition velocity (Vq) 


Dry period SO? to SOy conversion 


rate (kg) = 1%/hr 

Wet period SO7 to SOy conversion 

rate (ky) = 1%/hr 

SO? wet removal rate (j) = 3x 10-s-! 

SOy wet removal rate (j) = 1x 10-4s-1 
2. Meteorolgical parameters 

Average mixed layer height (zj) = 1000 m 

Advecting wind speed (u) = 10 ms-! 


10 ms~!, 6 ms7! 


Mt 


Dispersion velocities Oy, oy) 


Lagrangian dry period duration (tg) = 46hr 
Lagrangian wet period duration (ty) v7 ie 
Fractional dry period at source (fg) = 0.9 
Fractional wet period at source (fy) = 9 | 
Emission ratio at source QSO7/QSO4 = 0.98/0.02 


ous 


Table 2 


Station No. Receptor Name 
l Kingston, Ont. 
2 Moosonee, Ont. 
3 Mount Forest, Ont. 
a Peterborough, Ont. 
2 Pickel Lake, Ont. 
6 Simcoe, Ont. 
is Wawa, Ont. 
8 Windsor, Ont. 
9 Chibougamau, Que. 
10 Maniwaki, Que. 
11 Montreal, Que. 
V2 Merrimach Cnty, N.Y. 
13 Albany Cnty, N.Y. 
14 Allengany Cnty, N.Y. 
she) Dutchess Cnty, N.Y. 
16 Essex Cnty, N.Y. 
17 Oneida Cnty, N.Y. 
13 Onondaga Cnty, N.Y. 
Hee, Ontario Cnty, N.Y. 
20 St. Law. Cnty, N.Y. 
21 Oak Ridge, Tenn. 
ZZ Charlottesville,Vir. 
Zo Tucker Cnty, W.V. 
24 Washington, D.C. 
Zz. Lewistown, Penn. 
26 Paducah, Kentucky 


OBS PRED 


(gm-Zyr-1) 


Versa 0.93 
0.58 0.28 
Loe 0.96 
1.81 0.94 


0.39 


Wet sulfur depositon 
OBS/PRED 


LINEAR ANALYSIS: OBSERVED DEPOSITION = a + b *PREDICTED DESPOSITION 


Receptor Location 
Canada 
U5. 
U.S. 
All PT 
ALLE Ty 


All PT Cdn Obs Reduced 30% 


r2 


a(gm2/yr) 
0.24 
0.16 


0.73 


Seas 


b 


Receptor Excluded 


th 


24, 25, 26 


1, 28, 25..26 


I 2. coco 


Table 3 


Mode! Emission Inventory for the Sudbury Region 
(103 tonnes $O2/year) 


Scenario Details of Emissions Total SO? Emission 
'Base Case! INCO (1977) 1137 
Falconbridge 200 
Area and small 20 
point sources Py 
Shut-down/ INCO (mean 78-79) 487 
Strike Period Falconbridge 
(mean 78-79) 102 
Area and small pts 20 
609 


INCO, Aug. 1980 INCO Maximum Limit 

Control Order Aug. 28, 1980 $30 
(2500 short tons/day 
Falconbridge Limit 154 
(465 short tons/day) 


Area and small pts 20 
1004 
INCO, 1983 INCO Maximum Limit 
Control Order June 1, 1983 647 
(1950 short tons/day) 
Falconbridge Limit 154 
(465 Short tons/day 
Area and small pts 20 
821 


Note: When limits are original given in short tons the metric equivalents are 


round to nearest 102 tonnes. 
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Distribution and relative magnitude of model SO2 emission 


Figure 2. 
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| | LONGITUDE 


Figure 3. Model predictions of annual wet deposition of sulfur in gm/m2/year. 
Stars in figure correspond to monitors in the CANSAP and U.S. 


networks. Numbers next to stars are station codes referred to in 


Table 2. 
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Relative contribution of SO? to the total wet deposition of sulfur. 
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Figure 5. Percentage contribution of Canadian SOy sources to the wet 


depositon of sulfur. 
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Figure 6. 


of sulfur. 
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Figure 8. 


LONGITUDE 


Percentage contribution of SOx sources in the Sudbury region to the 


total wet deposition of sulfur. 
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Percentage contribution of SO, emissions from INCO to the total 


wet deposition of sulfur. 
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Figure 9b. 
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Percentage contribution of SO, emissions of SO, emissions from 


Falconbridge to the total wet deposition of sulfur. 
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Figure 10. 


LONGITUDE 


Percentage contribution of SO, sources in the Sudbury region to the 
total wet deposition of sulfur during the strike/shut-down years 
1978-79. 
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Figure lla. 


LONGITUDE 


Percentage contribution of SO, emissions from INCO to the total 


wet deposition of sulfur during 1978-79. 
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Figure 1 1b. 
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Percentage contribution of SO, emissions from Falconbridge to the 


total wet deposition of sulfur during 1978-79. 
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Figure 12. 


LONGITUDE 


Estimated percentage contribution of SO, sources in the Sudbury 

region to the wet deposition of sulfur assuming INCO's emissions are 
the maximum currently (Dec. 1980) allowable under the August 28, 
1980 Control Order and Falconbridge's emissions are the maximum 


currently allowable. 
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Figure 13a Estimated percentage contribution of SOx emissions from INCO to 
the wet deposition of sulfur assuming INCO's emissions are the 


maximum currently allowable under the August 28, 1980 Control 


Order. 
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Figure 13b. Estimated percentage contribution of SO, emissions from 


Falconbridge to the wet deposition of sulfur assuming Falconbridge's 


emissions are the maximum allowable under the current limits. 
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Figure 14. 


LONGITUDE 


Estimated percentage contribution of SO, sources in the Sudbury 
region to the wet deposition of sulfur assuming Falconbridge's 
emissions are the maximum currently allowable and INCO's 
emissions are the maximum allowable after December 31, 1982, 
under the August 28, 1980 Control Order. 
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Figure 15a. 


LONGITUDE 


Estimated percentage contribuiton of SO, emissions from INCO to 
the wet deposition of sulfur assuming the same emission limits as in 
Figure 14 for Falconbridge and INCO. 
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Figure 1 5b. Estimated percentage contribution of SO, emissions from 
Falconbridge to the wet deposition of sulfur assuming the same 


emission limits as in Figure 14 for Falconbridge and INCO. 


where 


and 


Appendix 


The constants in equations (4a) and (4b) are given by: 


. , - 
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APPENDIX 13 


COMMENTS ON THE TESTIMONY 
OF 
DR. VOLKER MOHNEN 
BEFORE THE U.S. EPA HEARINGS ON 


INTERSTATE POLLUTION ABATEMENT 


Ald of the Scientific and technical data and 
information which New York, Pennsylvania and Ontario have 
presented thus far substantiates the thesis that 
emissions (and their secondary products) from power 
plants in the midwestern States are being deposited in 
New York, Pennsylvania and Ontario in amounts which 
cause exceedances of the NAAQS or ambient air quality 
standards or criteria. However the testimony of Dr. 
Volker Mohnen, on behalf of the "Utilities", presents an 
opinion which is considerably different from that stated 
above and Ontario feels that special comments are 


required to refute this evidence. 


From the outset, it is neal ieee chat Dr. Mohnen is 
the Director of a highly respected Atmospheric Sciences 
Research Centre in the United States and he is personally 
well-known internationally. As a result of his position 
and reputation, his testimony would be considered highly 
by the Hearing Board. “ghere are however a number of 
significant areas where New York and Pennsylvania, 
supported by Ontario, would be in disagreement with Dr. 


Mohnen's testimony. 


There are certain basic facts in our current under- 
standing of the emissions and fate of atmospheric sulphur 
compounds which are accepted by the scientific community 
both in North America and Europe, and probably would not 


be denied by Dr. Mohnen himself. These are: 


1. The anthropogenic contribution dominates the sulphur 
emissions in E. North America, being about 10 times 
greater than natural emissions. Of the anthro- 
pogenic emissions, a very large proportion (almost 
one-half) are concentrated in the Midwestern states, 
and are largely due to utilities (almost 80% of the 
total). 


2 The residence time of sulphur compounds in the 
atmosphere is typically one to five days, with 
sulphur dioxide being converted at rates Of “up Pt a 
few percent per hour to sulphates. Thus, long range 
transport and chemical transformation downwind of 
the source areas occurs throughout the year. 


These facts, together with the knowldege that the 
prevailing wind regime over much of E. North America is 


westerly, lead to the strong expectation that utility 


emissions in the Midwestern states are impacting on New 
York and Pennsylvania and Ontario, as far as sulphur 


dioxide and sulphates are concerned. 


In his submission, Dr. Mohnen tries, on the 
contrary, to prove that "...there is no valid evidence 
that even a substantial reduction of SO9 emissions (from 
the Midwest) would have any measurable impact in reducing 
sulphate levels, or TSP violations, in New York or 


Pennsylvania.” 


Dr. Mohnen points out that some of the studies cited 
by New York and Pennsylvania were not sufficiently 
refined to relate high sulphate concentrations to SO? 
emissions from Midwestern sources, and did not include 
adequate consideration of a number of, Ssigniticiant 
variables such as air mass stagnation, ozone and humidity 
levels, mixing heights, and particulate concentrations. 
In fact, he contends that more recent and sophisticated 
work has illustrated the dominance of meteorological and 
other air chemical parameters over upwind SO2 emissions 
in explaining ambient sulphate. He emphatically repeats 
several times in his presentation that there is no 
"linear relationship" between SO», emissions in the 
Midwest and ambient sulphate levels in the Northeast. 

Dr. Mohnen's testimony therefore is that sulphate levels 
depend not only on the sulphur emissions but on the mete- 


orological and chemical characteristics of the atmosphere 


and that an increase or decrease in emissions may not 
result in a corresponding increase or decrease in 
sulphates measured downwind. However, we wish to point 
Out that during any given time period, these 
characteristics are fixed and the sulphate levels 
measured downwind of sulphur emitting sources will be 
directly related to the rate of the sulphur compounds 


emitted to the atmosphere during that period. 


Dr. Mohnen admitted, that there is a relationship 
between SO» and sulphates saying "you must have SO to 
make sulfates" and follows this with the dependence upon 
atmospheric chemical parameters, which we do not take 
issue with. He however adds that a reduction in sulphur 
dioxide emissions will not make sulphate levels neces- 
sarily worse or better, a matter with which we surely 


disagree. 


Dr. Mohnen sites work by Lioy et al, that showed 
that sulphate levels depended on regional ozone as well 
as meteorological factors. This is true, however, ozone 
is much more difficult to control than SO 9 emissions 
since there is a large natural component (1/4 to 1/2 of 
the ozone in the atmosphere). Keeping ozone levels and 
meteorological factors the same, sulphate levels will 
depend on the amount of SOy emitted to the atmosphere. 
The same is true for his critique of work by Wolff et 


Pilate 


Whether the winds have transported the SOj and sulphates 
first southward and then northeastward from the mid-west 


is not an argument against limiting emissions. 


In reference to Dr. Samson's work, there is no doubt 
that sulphate levels will vary due to meteorological 
conditions, a matter too obvious for Dr. Samson to want 
to state in his paper. Fluctuations will occur for any 
pollutant concentration downwind of sources due to mete- 
Orological condition changes. Since we cannot control 
the weather, the only means of limiting the pollutant 
levels is to limit the pollutant emissions and the major 


emitted pollutant forming sulphates is sulphur dioxide. 


Meteorological and atmospheric chemistry processes 
are admittedly very important during long range trans- 
port, and such factors as wet and dry deposition, conver- 
sion to reaction products, and redistribution of 
emissions within the mixing layer during the diurnal 
cycle become relatively more important (compared to 
emission rates) as the distance increases between source 
and receptor. All current LRTAP mathematical models do 
in fact take meteorology, chemistry and deposition into 
account in one way or another. However, one certainly 
cannot conclude, on the basis of the evidence presented, 
that ™...a reduction in SO5 emissions (from the 


Midwestern sources) might not —- and probably would not 


result in a measurable reduction in sulphate levels in 
New York and Pennsylvania." Dr. Mohnen seems to ignore 
the massive upwind source of anthropogenic SO emissions, 
and talks in terms of a rather vague reservoir of 
atmospheric sulphur dioxide, which is acted on by 
chemistry and meteorology to produce sulphates in New 
York. Granting the fact that chemistry and meteorology 
are dominant factors, one wants to ask, "Where did: alli 


the sulphur come from in the first place?". 


In other words, the significance of upwind sources 
seems to be downgraded by ignoring certain basic facts 
about sulphur emissions in E. North America, prevailing 
wind patterns, and the atmospheric lifetime of sulphur 
compounds, while at the same time citing evidence rather 
selectively from a limited number of references, which 
deal primarily with event analysis (rather than long-term 
results). While event analysis can yield interesting and 
valuable information, it is also a very difficult under- 
taking. For example, some of the more recent and 
advanced analyses cited by Mohnen are not entirely in 
agreement with each other about which factors. are 
important for ambient sulphates (especially the mixing 
height). Also, a large number of investigations into 
sulphate and ozone episodes and their meteorological 
interpretation (not considered by Dr. Mohnen) have led to 


an impressive body of evidence that major upwind source 


areas are having a significant impact on receptor areas 
Such as New York or Ontario. Dr. Mohnen has convincingly 
demonstrated that when interpreting sulphate episodes it 
is important to include a detailed chemical and meteoro- 
logical analysis, because of the complexity of the 
problem. However, the references cited do not lead to 
the conclusion that Midwestern source emission reductions 
would have no effect on sulphate levels in New York or 
Pennsylvania. In fact we wish to repeat that since the 
meteorological and chemical component characteristics of 
the atmosphere are fixed, the sulphate concentrations 
will depend only on the upwind emission rates of sulphur 


compounds into the atmosphere. 


Turning to more specific items, Dr. Mohnen has tried 
to demonstrate that precipitation data also show no 
linear relationship between emissions and wet deposi- 
tion. Dr. Mohnen claims there is no gradient in the wet 
sulphate deposition concentration by comparing Champaign, 
Illinois data with Ithaca and Whiteface Mountain, New 
York. A very significant gradient would only occur if 
the winds were only blowing in a west to east direction, 
a fact that he should know is not true. Winds with 
varying frequency occur in all directions. SO5 and 
sulphates will be transported into Illinois with easterly 


winds and into New York during southwest wind conditions. 


He chose an Illinois location which was nearer to 
the source area being considered than the locations in 
New York State. There are in fact large coal burning 
power plants in Southern Illinois, south and southwest of 
the Champaign site. These are the Baldwin (outside East 
St. Louis), Coffeen, Kincaid and Joppa Steam power plants 
which in total emit approximately 640 thousand tonnes of 
SO» per annum. These sources are 120 to 300 km from 
Champaign. There are no large sources as near to 
Whiteface Mountain that could distort the data 
Similarity. Lt. aS) thus not.isurprising that (the eice 
showed a high % of sulphates in precipitation during 
events with trajectories in the directions similar to 


that at Whiteface Mountain. 


Furthermore, the two sites are much different in 
nature including elevation, precipitation amounts (3 
times as much at Whiteface Mountain), type of precipita- 
tion and seclusion from local sources. These differences 
may be as important as the fact that one is well to the 
east of the source area and one is supposedly west of 
it. If Dr. Mohnen had selected locations as far to the 
west of the source area as the sites, Ithaca and 
Whiteface Mountain are to the east, he would have found 


the gradient that he said does not exist. 


The highest deposition will of course be over the 
Source area since the average wind speed, will only 
transport pollution a distance of some 200 miles in 24 
hours. Deposition does take place during this transport 
but a large proportion is ventiliated out of the area as 
indicated by the measured levels in New York, 
Pennsylvania and Ontario, as well as by the visual 
evidence from satellite pictures and aircraft 


observations. 


Much of Mohnen's analysis is based on recent MAP3S 
and NADP network data. He claims that, when allowance is 
made for the fact that the amount of sulphates and 
nitrates deposited depends strongly on the total precipi- 
tation amount (a well-known fact), the data show the 
existence of a regional "superbowl" - 1.e., a synoptic - 
scale airshed that results in acidic material being 
rather evenly deposited in all directions over a very 
large region, with no major source area influences being 


apparent. 


It should be pointed out that Mohnen's procedure of 
"normalizing" the deposition data by total precipitation 
amount is apparently simply equivalent to calculating the 
average concentration during the period in question. If 
his conclusions are compared with the results of other 


workers, they are found to be questionable. For example, 


eS hy = 


Pack (Science, 208, 1142 (1980)) has done a similar 
analysis on regional concentrations, using approximately 
one year's data from MAP3S (August 1978 - June 1979), but 
supplemented with data from the SURE network. Pack's 
more extensive database shows fairly clearly the 
influence of the major sources in the Midwest on 
precipitation sulphate and nitrate concentrations. Pack 
concludes that "...There is a definite north-south 
gradient, with the SO, concentrations at the southern 
edge of the data lower by 30 to 50 percent than the 
maximum concentrations...." Similarly, a recently 
published map of SOq4 concentrations from the NADP and 
CANSAP networks during the period March 1979 - March 1980 
(Project NC-141-NADP Annual Report, January 1 - December 
31, 1980) shows the influence of major source areas on 


sulphates in precipitation. 


It is agreed that the wet sulphate deposition will 
depend on the amount of rainfall. However, where there 
is lesser rainfall, more of the deposition will be dry. 
The total deposition will depend on the sulphur emitted 
to the atmosphere, a fact that Dr. Mohnen chose to 


ignore, in that it more or less defeats his purpose. 


Dr. Mohnen then goes to European data to further 
support his thesis, citing particularly the work of 


Granat, who did a detailed analysis of precipitation data 


A. 


from the European atmospheric chemistry network, and 
found that while at some stations sufate levels in 
precipitation approximately followed sulphur dioxide 
emission trends, at other stations they did not. Mohnen 
presents Granat's analysis as leading to the conclusion 
"  .that increased sulphur emissions, even by aS much as 
50%, are not synonymous with increased sulphur wet 


deposition in a given network". 


Although the above statement is consistent with 
Granat's results, it is hardly fair to present it as the 
"bottom line" of his work. Granat himself discussed his 
observations on emissions and deposition in the light of 
meteorology, network design,, and other factors, such as 
changing emissions heights. Based on his analysis, he 
speculated that "> ~.increasing amounts of sulphur have 
been deposited in areas not covered by the network, 
probably eastward of major sulphur emission areas, due to 
the general circulation over the area". From Granat's 
analysis one can hardly jump to the conclusion, as does 
Mohnen, that "...an area Of New York - the Adirondacks, 
for example - would not necessarily experience any 
measurable change in acidic deposition as a result of a 
change in overall SO5 emissions for the entire Midwest". 
Granat's suggestion - that the European observations are 
due to network design rather than an insensitivity of 
deposition to emission rates, seems to have been 


appreciated by Mohnen even though he downplays it, 


because he talks of insensitivity of deposition to emis- 
sions "in a given network", and no measurable change in 
deposition "in the existing Northeastern United States 


Network". 


Again, while Mohnen has demonstrated the complexity 
of wet deposition of sulfates, the evidence he has 
presented does not prove that the Midwest is having an 


insignificant effect on wet deposition in New York. 


Current models generally take a simplified approach 
to atmospheric chemistry, transport and deposition, and 
this can be particularly unsuitable for event analysis. 
However for long-term modelling, e.g., Ontario's statis- 
tical model, one can question some of the "musts" that 
Mohnen has listed, in his submission, as model require- 
ments, but this question will only be resolved when the 
outputs of future, complex and simplified models are 
compared with each other, as well as with experimental 
data. It is not always necessary to know all the factors 
in every detail to develop a model. Thus modelling 
should be viewed from a holistic approach. Whereas each 
module in the model must be built upon good and 
reasonably accurate hypotheses, the true test of the 
model lies in how well its end results compare with 
data. If reasonably simplifying assumptions at the 
component modules level serve to obtain a good comparison 


of model 


output with measured data, then the model may be assumed 
to be valid and good. The Ontario long range statistical 
model has been validated utilizing both Canadian and 

U.S. sulphate deposition data. The model predicts an 
ensemble average so that any given observation over a 
finite averaging period may not agree with the model 
predictions. i However Over the total averaging period the 
predicted results are in reasonable agreement with the 


levels of measured deposited materials. 


Phase III of the Atmospheric Modelling Subgroup of 
Work Group II of the Memorandum of Intent will be 
reviewing in detail, the ability of eight long range 
transport models to accurately describe the relationship 


between emissions of SO2 and the deposition of sulfate. 


In conclusion it is felt that Dr. Mohnen's 
interpretation that the "available evidence still does 
not reliably demonstrate that those sulphate levels can 
be related to the levels of SO» emissions sources from 
the Midwest", is basically incorrect and although all of 
the fine details concerning meteorology, atmospheric 
chemistry and modelling have not been worked out, it is 
felt that enough data are available to show that indeed 
sulphates 7ane impacting the eastern States and Ontario as 


a result of SOj emissions in the midwest. 
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OZONE AND VEGETATION IN NORTH AMERICA 


Introduction 


This report was prepared by reviewing the scientific 
literature in order to answer the following questions: 
(1). do the chemical characteristics of ozone indicate 
that it has phytotoxic properties; (2) do elevated 
concentrations of atmospheric ozone occur over large 
regions of North America during the growing season; (3) 
is ozone a cause of yield reductions in crops; and (4) 
what is the magnitude of recent estimates of economic 


losses to agriculture by exposure to ambient ozone? 


Importance of ozone for vegtation 


Arguments for the probable significance of ozone to 
plant growth and productivity fall into three categoies: 
chemical characteristics, regional distribution, and 


pattern of ocurrence. 


Ozone is a powerful oxidizing agent with moderate 
solubility in water. It reacts with many compounds that 
have biological significance, i.e., unsaturated fatty 
acids and lipids, reduced pyridine nucleotides, 
sulfhydrl-containing compounds, and certain amino acids 
and proteins. The chemical reactions of ozone in 


biological systems can produce free radical, singlet 


oxygen, or peroxy compounds that also are highly 
reactive. It has been demonstrated in laboratory experi- 
ments that ozone and its reaction products interfere with 
the functioning of critical cellular organelles including 
mitochondria, microsome, chloroplasts, and cell 
membranes. Disruption of the physiological processes of 
photosynthesis, respiration, stomatal movement, 
translocation and allocation of dry matter have been des- 
cribed in experiments with whole plants and plant 

organs. There is general agreement, then, that ozone is 
a phytotoxic agent (Linzon et al., 1975; National 


Research Council, 1976: U.S. EPA, 1978). 


Chemical analysis of the atmosphere at ground level 
at numerous locations in North America during the last 
several decades has established that ozone is widely dis- 
tributed because of its formation by photochemical action 
and its association with large air masses. The highest 
concentrations and greatest repetition of episodes occurs 
in the spring, summer, and fall seasons (National 
Research Council, 1976: U.S. EPA, TO7O).) CULLING cas 
time, vegetation is actively growing and more susceptible 
to the action of toxic air pollutants than at other times 
of the year. In the 6 year period from 1974 through 
1979, there was no significant change in ozone concentra- 
tions in the U.S. when data from every state was 
evaluated. With the revised ozone National Ambient Air 


Quality Standard of 0.12 ppm (240 ug/m>), one - hour 


average, not to be exceeded more than one day per year, 
59% of counties east of the Mississippi River were in 
violation, while 48% of counties west of the Mississippi 


were in violation of the standard (Hunt et al., LOS 


Biological effects of ozone on plants 


There is an extensive literature on the production 
of foliar lesions, interference with growth and 
development, and reduction in productivity .of .crops yand 
trees caused by exposure to ozone (Linzon set abe, LOS: 
National Research Council, 1976; U.S. EPA, 1978; 
Macdowall, 1963; Weaver and Jackson, L963- Beanson eC 
ae ip LOTS; Skelly et al., 1977; Miller and Elderman, 
1977). Much of this data was obtained in studies with 
plants exposed to ozone in greenhouses and controlled 
environmental chambers. The advantage of this approach 
is that the variation in soil and climatic conditions is 
minimized and the major variable is exposure to ozone. 
Firm conclusions can then be drawn concerning effects on 
experimental plants. For example, susceptible species 
develop foliar lesions at a dose of approximately 0.10 
ppm-hours (200 ug /m3-hours) for single exposures 
(National Research Council, 1976). Some of the crop 
plants most readily injured by ozone are: alfalfa, 
beans, corn, lettuce, oats, radish, soybeans, spinach, 
potatoes, and tobacco. There is considerable variation 


in susceptibility between cultivars within species. 


Futhermore, production of foliar symptoms does not 
provide a reliable indication of the likelihood or magni- 
tude of reductions in plant growth or yield (Jacobson, In 
press). Similarly, experiments with greenhouse and 
chamber-grown plants may over- or underestimate the 
response of field-grown vegetation to ambient ozone 
(Jacobson, In press). The order of susceptibility of 
tree species to ozone differs depending on whether FOirar 
symptoms or reductions in growth are taken as the 


criterion (Jensen, 1973). 


Reasearch performed with field-grown crops has 
demonstrated that decreased yield of susceptible species 
occurs when average ozone concentrations of between 0.05 
and 0.1 ppm occur for 6-8 hours per day repeatedly during 
the growing season (Heck et al., 1977). Experiments 
performed in Maryland with ambient ozone have resulted in 
yield reductions Of 45°99) 2107°17;' and 20% respectively 
for field-grown snap-beans, sweet corn, potatoes, 
tomatoes, and soybeans (Heggestad, 1980). These effects 
of ozone can be altered by the presence of other 
pollutants including sulphur dioxide, nitrogen dioxide, 
and acid rain (Reinert, 1980; Troiano et al., In press). 
However, the effects of mixtures of pollutants can be 
additive, more than additive, or less than additive 
depending on the concentrations and patterns of exposure 


and type of effect measured. 


Economic impact on agriculture 


Initial estimates of crop losses due to ozone and 
other air pollutants (National Research Council, 1976) 
have been supplemented by recent analyses. Nationwide 
losses in yield of alfalfa by ozone were estimated to be 
$24 million in 1974 (Moskowitz, et al., 1981). For nine 
crops grown in six counties of California, consumer's 
losses were equivalent to $45.7 million and producer's 
losses were equivalent to $57.3 million. Total loss of 
sales in California were estimated at $312.6 million with 
a $131.1 million loss of value-added income. Estimated 
employment losses for the state were 1,192 person-years. 
These calculations of economic losses from yield 
reductions by ozone were performed for the year 1975 


(Leung, -ctoals,-4£981))\. 


Yield losses between 5 and 26% for soybeans, 4 to 
15% for field corn, and 3 to 10% for wheat were estimated 
for the Ohio River Basin from exposures to ozone in 1977 
(Loucks and Armentano, 1981). These yield reductions 
were converted to cumulative dollar losses for the period 
1976 through 2000 amounting to approximately $7 billion, 
assuming that New Source Performance Standards for power 
generating stations are fully implemented but State 
Implementation Plans are not complied with. These 
authors believe that compliance with State Implementation 


Plans will not significantly influence the amount of 


agricultural losses because, in most states, there are no 
requirements for NO, emissions, important precursors in 


the formation of ozone (Page, et al., 1981). 


The recent estimate of nationwide crop losses due 
to ozone for the years 1969 and 1974 were $1.3 and $2.9 
billion respectively representing about Leserot “the total 
market value of crops in the U.S. These authors present- 
ed many of the qualifications that must be considered 
when crop losses are estimated (Moskowitz, et al., 
1980). Ryan, et al., (1981), however, calculated losses 
from ozone to be approximately $1.8 billion in 1980 
dollars for the U.S. Benefits of meeting the ozone 
standards were found to be far greater than for meeting 


the sulphur dioxide standards. 


There are wide differences in estimates of economic 
losses due to ozone for many reasons. The relationship 
between ozone Side and yield reductions is not 
precisely known for crops growing under normal agronomic 
conditions. The frequency distributions for ozone 
concentrations in farming and forested areas. of North 
America have not been adequately described. Different 
approaches and methods are used for conversion of yield 
reductions to monetary losses. Although it is clear that 
ambient ozone does affect crops and trees, data is not 
adequate to provide precise estimates of the monetary 
benefits of incremental reductions in ozone 


concentrations. 
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APPENDIX 15 


CHARACTERISTICS OF THERMO-ELECTRIC POWER PLANTS IN 10 


EASTERN U.S. STATES WITH A CAPACITY OF 200 MW OR GREATER 


The Ten States Included in This Appendix Are: 


TLliinois 
Indiana 

Ohio 

Michigan 

West Virginia 
Pennsylvania 
Kentucky 
Missouri 
Tennessee 


New York 
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FOOTNOTES AND REFERENCES FOR APPENDIX 15 


Footnotes 


1) 


2) 


3) 


Load or Capacity Factor was calculated by dividing the 
electricity produced in one year (given in MWHrs) by 
the hours in one year and then dividing the quotient by 
the generation capacity. 


Source document: U.S. Department of Energy, Energy 
Information Administration. Cost and Quality of Fuels 


for Electric Utility Plants - 1979 June, 1980 DOE/EIA - 


0191: %79)- 


According to "U.S. Power Plants Survey LOL 197, 
supplied by MOE, Air Resources Branch, FGD system is in 
place. No details concerning the system are available. 


The footnoted number is based on data supplied by MOE, 
Air Resources Branch. The other numbers in the column 
are from U.S. Department of Energy, Cost and Quality of 


Fuels for Electric Utility Plants - 1979. 


Sources 


Electrical World, Directory of Electric Uerrrlres, eo Laws 
1980, 88th Edition. New York: McGraw Hi liv Pubs Coss "1979. 


Moody's Public Utility Manual, 1980, Vol.::1.& 2. 


U.S. 


Department of Energy, Energy Information 


Administration, Cost and Quality of Fuels for Electric 
Peuiity selanes —“l97/9." June, 1980, DOB/EBEIA — 0191(79). 


"U.S. Power Plants' Survey for 1979". Tables compiled by 


MOE, 


Air Resources Branch, 1981. 
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APPENDIX 16 


ESTIMATES OF THE COSTS OF USING LOW SULPHUR COAL TO MEET 


1979 S.1I.P. EMISSION OBJECTIVES COMPARED TO SCRUBBING IN 
ASSOCIATION WITH HIGH SULPHUR COAL. 
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CITED AS REFERENCE 2 IN CHAPTER 10. 


ACIO GAS CONTROL PROGRAM 


STATUS REPORT 
rTATUS REPOr | 


This quarterly report provides information on the progress of Ontaric 
Hydro's Acid Gas Control! Program, developed to comply with the 
provincial acid gas emission requirements of Ontario Regulation 73/81 
made under The Environmental Protection Act, 1971. | 
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PUSPOSE OF THE REPORT ‘ 
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ACID GAS CONTROE OP ROGEAD = Mee rONcs e 
STATUS REPORT OF PROGRAM COMPONENTS b 
MAU CRIPACTORS DETERMINING THE. P-OShAM 3, 


ase 


PRESENT AND PORECAS? BACED GAS EMISSIONS i 


Peewee. OF THE REPORT 


IHS report describes Ontariounydrés FortGagerConrtro. Proura 
anG »providescinformation son the status of Pre COPA se a 
provides information on Hydro's acid gas emission ievels. 


Mors rarGpochy wilbicbes \issuedeeen “a quarterly beefs 


Pet el. 


imcerested in further information OR GEE “Program “are” -asived ~ "25 
ocniact R.J. Taborek, ‘Coordinator, .. “Acid Gas’ Control Proyvan, 
Ontario Hydro, - 706 Univers atye Avenue, VPOrROR COL “OT Darsc, 
ee 4%6e)% YY avi 
BaCKGROUND 
ey a Bhee eres announcement on Jarra re Zip, hp che 
Poneeragke shargysC. ceareovr, Ontario Minister of tie 
PAV ESODNeRs - sannounced 7” Objectivesilto?® Binnie Yt le tote “anne? 
SmisSLOn.Ckostipain dioxidd andatrtrie oxide Hy ontarte — by dre 
to. 450,000 Lonnes Dy Rabe oLcand = ESOLsOM-000 Tonne's’<‘by 1 o9 vu". 
Wa ey obi pes Maecala a vin [Gmail man SOF TOniGari 6 HyGro, announced a. . sth 
femre time that \Onbariosivdreé wold -meet west Objectives ‘anc 
ee eed a ProctTam Waoch Would *peemet Ontario Hudro to eens eve 
LNEeSe .lMits. 

& Hiseoiueny “29h 7s Omsawto WOR] Gulla MeO tig Ask oattde nae Se 
av Sempental pRrotegiiomsNemplOVill Mas asc ree te Waimea Onteris 
acing s (sia yplie malo x Yd) vem uss ONS 49S -S9IN O00 “tones by Lose ans 
soseed., 00 tonmes toy 1990), andiotvtrié oxide “emissborns'-to 60-100 
Serres b yi 2 VSe? ang word ,00O stone's 2Sy -1 99%). 
PoeeesoO:rNyGroes Loses Pbarired igce nératinie ‘stations eypiteart venir 
Poole ue of Ontario's sulphur diosmice emissrons mut-Concrzowr: 
eey SeeOut  3°3% -O5.depositicnss inthe. Sensitive. arews of the 
Peovetce. About 6GUrGS5s of tne deposition in these ereas 
Cesginate in the United States™-ficure i shows the relative 
“Omtrisution to acidic deposition around the Great Lakes area 
eee, CONaCe ara Ontario Hydro Sources’ in a typical year 
[ote HyYCrO'S annual €aciG Gas emissions ror the period 19¢0- 
boo, 2.ciucine sulphur cdickidetgmead nitric oxide emissions, «re 
Snow! Lin Ae ou Nena Daring, Sthastepertodptacid.cqas: emissicns 
PevecCaidy ingmeased Ss. gasresuitd Oftatossibefired generation 
seved £O the, Ssystem-caFOssal-Eared generation in this report, 

reuGes Gas-tired, oii-lired but mostiy coal-fired generatican. 
0 ee “early 2970s, emissions declined because of burning ves 
rather than coal at Hearn Generating Station, and the reer 
Of Pecherinec A Nuclear Generating Station to the syste Atter 
[o> Emissions increased once again yeer after year. Ee ay 
Cee one Late, L9/70s, che rate of increase in emissions 
(eee ee ECE UWI 6hCUrelatively «6©hhigh exports because 
CGeEe-sto , GCrOwth Of cemanc, ourchase of low sulphur ccal ens 
Coweroaon OL Bruce A wuclear Generating Station. Gas-fires 


and oil-fired generation were reduced to very low leve ieee 
recuctiony in. -demand > tor Shossai generation resulted 1A 
mothballing of a number of these units 


Fossil, fuel. 3S. the. «swings yfuelyso£0 Hydrotssbsystem™’ atau 
cenerally used to meet peak and intermediate’ loads. Ross 3. 
consumption, .and- consequently sacra, gascemissicGns/ is *e@xpeeuaa 
touvary lconsleéérasiyadepending on the demand for “elecr peas 
aéand..bhe -Supply , .fheom, -non-hossbhuaegenecveti on iw TAHSCG@enanaeae 
electricity varies with the weather, tne economy and the level 
tic we XO RBS. Fos$il, generation sthen  meerss thé. “cemana Wer 
Supplied by imports, hydraulic and nuclear Generation. HS 2 
le i the variability of acid gas emissions is hiekér when 
Cae |\Varab Dit yer vevther thelaémandior tne non=fossit 7 sage 
OntatTic, Faydre Cis  he@evelopingvathGSyear proaram to Tesacemac 


roar 
JAS emLeguons from.coal~rlired genevatangostacicnhes olTnesoro gaa 
takes “sthe Qeneralel approach asot | ykeaguesas Ci nNersho ta Seca 
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en.ssions, from Hydno s stations irabthen then ae Sear rh se 
.imits on individual generating: units.» It allews Ontario Hydro 
wee peal bility, to consider a _broadtrange of sonnet MeaGures, 


a. Ne 


eX 
and select the most ees effective for ee ad aa ene wary 
sat : ala 2 

~ bee 


The January 26, 1981 announcement by Mr. Maczulav @pe6vides etre 
geaeral description Of thevAcLd, Gas) Control Program. Varies 
components of the program are now being defined, developed ard 
integrated into an overall implementation olan. Since the 
cemand,.; for ..foss. la .gene: ations may nevanry acconsidenabl yo Uaiwie 


future, the program will be dynamic and periodic adjustment 
will be made to ensure that the regulations are met in ‘the face 
of changing circumstances, such as cnanges in load growth or 
the availability of other forms of generation. 
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PROGRAM COMPONENTS 
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Tie Hoc Gas. Control HE ORAM 1S, BAMhGiek t 
Peent program, begun in the early 197 , to meet 
m@eiity | regulations around fossil ene ot 
efforts to date consist) of, purchases. of ] 

pet, To reduce suiphur dioxide emissions 


.! low eulboha 
ecquired|from the U.S. and Western Canada. Ai coe. Aare 
eontract. is washed, at an addational, cost, to;reduce, ash 
eon Sonten@.| (ine, greverage, sup ux ey eence to) mini adds 
Mercheseds has decreased from about 2.5% in 1971-1976 « i. 
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seis COnTrOU Brprog Beam -alnouncedcds Ott aranuarived Yrs ASI a munder 
ponents, which willibe incorporated iin- varving cecarees 


ee we eee cLrcumsStances.. .Tnese -Comoonents ates 


woth es + ree eet yo ix ey ees rey a Pies 3 
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Nema cciw See cus sor Nanticoke Gs. 
1} o 


Seema jen chemical plant aGtacned, to An, already. comp 
Cone ee ci nopuntt, Abimestone VRS. the | scrubbing agent 
remove Eee Suton uy, end Lresumus  wWhli’; be aroduc 
PRYtLO Mes elie poroOVea till be nNeeesea ry) to-Mealie with 
Posi enon OF “net Besloue, Uuniess it Can be <renstormea 


2) a 
bate BMisaleable product such tas gypsun, 


poe ogi y | the burners) ati Nant icone, L 
Ceramatinge Stations GO Treaquceinitrac Oxide demi 
795 peoverall. Testing at Nanticoke Generati 
began ins Ly&0 


asel addpeional nvdroelectric® é@neryyv aad Wa TEBE 
(eecec. whe Smount Gi purchase depencs on 

Ll a veer However, @x1isti 
ernal transmission may limit Hyd 


ba) inegease spurchases of iLow-sulphu 
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Petes foe. the Gevelopment of tne "Pour ) components of 
meso Ges ponte! —-roaram-eare shown, iny the “next” section. : 
bi Ww gee. Pc’ 6St Peatied $O. Cont & ote OF baooug S500 om 12 
< ipa: to achieve 
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Boe eee (onto) Program would belrevised to jmeet the feriss 
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(oe) Pptekering 6 cand Bruce ea UNuclea’: ” Gener 
start operating on’ schedule -(erght unrts 
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ety Fe line from Bruce Generet 
in-service by 1988; 

(4 Darlington? Nuclear = Generating rocatron 
continue on schedule (four ures between 

Lite he ‘request, “Oc the Vtiriis cer om sie sony 

ivero is a@lSo preparing a report om wnea™=possib 
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STATUS REPORT ON PROGRAM COMPONENTS 


(aa) Scrubbers 


a 


Oxide Sceruype. 


Preliminary project ‘reguirements for sulpnur dio 
" and’ the scoOper or yaar 


2t Lambton or Nanticoke have .been issued 
and budcet® documents fare in preparation: 


Four -Mmajor: scrubber ~Ssupplrers* and a& major ~ Scrurceer = ee 
disposal contractor accepted invitations and made oresentatiams 
Gescribing their? products and service ito Ontario Hydto Seema 
&R field. ero to. thes Tennessee. Nalitey -suthority ) sc. G0. 
installations has been completed. 


A. review off the experience gained iby Utilities) wre 
acquisation, and installation of scrubbing systems Has Prevweweee 
an @epliest §practicals in-service dade of ¢arly) 1966. “Sea 
schedule is based on galnming all the necesséry environmental 
approvals to} release |the tendering Gecuméents “duran Frebem. 
1962. | This sehedtie jwould offer the advantage of allowing @e7e 
final | system. tie-in and associated unit outages to Gare. peece 
OU LNG, Che Summers 

mR preliminary review of statton selection «parameters “es 


indicated a preterence for Lambton Genératina Station. 


A review of sources of lime and limestone within the prov 


ae 
has oceen completed. 
(2) Low Nitrogen: Oxide} Burners 
Review of Babcock & Wilcox (B&W) and Combustion 
a s¢ (CE) -retrofit--Low-No2 iburner—"coni-igunations, 2 rer 
Weyl 2 


coke, Lakeview and Lambton bollers has been completed 


Funds are being requested to incorporate low NO, technology on 
one CE poiler at Lakeview and one B&W poller at Nanticoke, as a 
start to the program of); NO, reduction. 


(oh) Fubechasés fromeQcner Provinges 


megting was eld ywith ;Manitoba Hydno om May 26, logit 


explove: the-possibility, of pbhrchasing firm dpcwer.t ithe purpose 
“Of tne. meeting was-related to‘ alternative se eptions for 
worchern Ontario fand to the reduction iff acid gas enisgsi ons. 


ie purchase currently being considered Ise 2700 fy tar 
s beginning in 1988 at about 60-70% annWet si Gagecn.. 


4 


Pack Ow. It may be possible to advance or extend the delivery 
schecgule to satisfy acid gas emission requirements and tnis 
will be ciscussed as needed in future meetings. 


ieee c Oe supply. Program 
fa coe ieppply program 1s being developed, to meet the,current 
Peo ew ced. Gad requirements Up toO., 1986... congustent «with «the 
Scum yes “emission requirements, Alternative Jong.term energy 
enuriue. Supply strategies for the period beyond 1986-are. .als 
being developed. 


fee oer Supply program will be reviewed tend modiriec 4s ane 
when required. 


REPORT ON MAJOR FACTORS DETERMINING THE PROGRAM 


ee ee ne ee) ee ec ee ener 
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pecreri tire “Acid Gas’ “Control... Program, 1S) based On .~acnumoer ot 
erie tPacebore, snNLormatlion 1s also provigka pbedowson veacn 


Pe 


(1) Load Growth 


The long-range load forecast of 3.1% average. annual.ioad elie 
Let the period 1981-2000 has.been adopted. for planning»purpeses 
rr 1961. This long-range forecast is usually reviewed ae 
ane the Acid Gas Control Program will be modified to take ino 
account the revised forecast of load growth and to ensure that 
the emission regulations will be met. 
Gerrentiy, ‘ne actual energy requirement in the first quarter 
of 1981 has been less than that designated in Ontario Hydro's 
latest five year generation projections. 
Forecast Actual Differencs 
GW.h GW.h Gw.h % 
Primary Demand 205 ta al bis ew -320 - | 
Secondary Deliveries Se Lye ee) ne eg 
Ota.) 31,748 RUD oe a -598 oar 
leorecast Secondary Deliveries include 3411 GW.nh 
of Export Sales and 196 GW.h of Other Deliveries. 


Pe) Nuclear-Program 


Tne advancement of tne Darlington Nuclear Generating Staticn 
ecnecule hase been aepucvea. THE Wn-service dates are advanced 
cix montns for Units 1 and 2 and twelve months for Units 3 and 
4 to May 1988, February 1989, Novemper 1989 and August oe) 
respectively. While the advancement was justified on economic 
grounds, the reduction in acid gas emissions waS a mMmajc 
additional benefit that was taken into account in the ee 
Wahkunid) Process. 


Cervera Weve upmeic © Lo rogram 


een ee eee 


Addition one non-tossil generation.. widl . displaces, faseqs 
generation —and thereby reduce «.acLdn wae emissions. aie 
cevelopment of about 1150 MW dependable peak mieries oo 
hydraulic generation between 1987 and 1993 has pee reVLveVved ; 
and is being incorporated in Hydro's future work ee pipet: 
rivers Unvolved lin gthis progran- ane the «Litble Jacsiish; che 
ALitibl, the Mattagami, and the Moose. 


A preiiminary scope of work has been issued for studies of two 
f the developments, totalling about 127 MW dependable oveak 
pacity  and-—-66 —-Average’—-MW;" "on the DCittle Jackrtisn Paes 
a@lled work programs are being produced by participatina 

2artments. Fiela data on Little Jackfish is being coliected 
as pant Of the environmental and ceotechnicas studies. 


lies for the possible development of an additional 850 My 
Dixy of hydraulic generation by 1995 are being conducted. 


es 


—_ eeuce neon one tea Line 

AK report evaluating alternatives for linking Bruce B Nuclear 
Generating Station to the bulk electricity system and ae 
electricity to southwestern Ontario has been issued for publ Be 
comient and preliminary government review. 


An Environmental Assessment. will be completed py tne end o: 
i98@] and Submitted for government review. 


The -scheduled, in-service date. .for a.second.500 kKVidine toom 
Bruce is 1988. Prior to the instadilation cf this second. 5UUumeo 
isne,,. thre .iOutpDUuUL ~Trom. .tnhe Bruce: nuclear complex (maximum of 
6200 MW) will be limited to about 4800 MW. During this period, 
the resuiting ..locked-in . nuclear energy. regquired.tonmeet= tne 
primary demand will have to be replaced by fossil generation, 
thereby increasing acid gas emissions. 


wr CN DUT OURE S. 


present estimated cost of the Acid Gas Control Program is 

$30 million up to 1985 and $90 million per year 
after, LOr Va total Of about, 3500 m1 lion foretnieniou mee 
period. The budget will be further refined as details of 
1fic program components are developed. 


1 January, the 1981 Work Program budget was increased by 


- 
Lak 

240U,000 to cover the engineering design and studies. on 
scruspers for two existing 500 MW coal-fired generating units. 


=i 0— 


PRESENT AND FORECAST ACID GAS Jer lSslONs 


The January 26, 1981 program sig pecemen’ was based on tne 5es 
Ee eiable information at the end Oi y wii O Wis Ofparl0 - hyoress 


Beacons in 1981 were then forecast to range from 560,000 =co 


mM 


moo oO tonnes. Thisawes forecastutoemrism(tntril 1982 4s fossil 
aan met the growth in demand in SlLeGerVveLtcy .." Nee 
suclear stations would be commiss sionea in late 1982 and he in 
Beevice che woo os Acid gaS emissions were forecast. EO: Gner 


after 1982 to the limits determined by regulation. 

: 
The earlier forecasts have been revised. The latest emission 
forecasts reflect the 1980 Station emission rates anc tne 
herest. five year generation projections. These projections 
anclude an annual export Of 11000. Gh at ane LIsL, LOE and 1955, 
Cece,  GNah an 1984, and 12,000 Gwen in 1985. »The projected 
1981-1925 emission levels are Jower because ,Of lower Il1cac 
grewth and higher nuclear availability. ‘The forecast emisstor 
Sevels for 1982 to 1985-.are shown in’ Figure e. 


Tne 1981 forecas emission level hes been further adjusted 
downward to 480,000 tonnes, taking “into\ “account -the actual 


emissions recorded in ‘the first quarter of 198s Phe actual 
generation is compared to the generation projections for these 
three months in the table which follows: 
Projected Actual DitLerence 
GW.A GW.h GW.h © 

Hy@raulic B80 B7995 +378 +4 
Nuclear 85989 9,297 +308 +3 
Pucehnase 1,041 2,034 ru ao 
Gan Blob oe -~248 -67 
or 5 . 4 -l -2U 
Coal Lean 84 107736 -2,028 1G. 

Poca, (31,748 clry me 6) -598 e 
Coal-fired generation 18 16% lower than forecast because of 
lower total energy requirement, higher purchases and higher 
non-f£ossil generation than Forecast: Purthermore, acid gas 
emissions are lowered by Nanticoke Generating Station 
senerating more chan mrojected, For this quarter, 
Santicoke Generating - Station burned blended coal with an 
average sulphur content of 1.31%, compared to the 1980 average 
op AE ar 
Re sores oT, actual ana latest forecast acid gas emission eek 


ae 


S 
i IS 


1 pe provided in sub 


Mod equent issues of®tnis quarterly stat 
Pepor nT. 


mee 


rages 
ne od 


PT RE SPE RS ae) CNP IRE | 
SS 
Ps 
YA 
oa 


t 


i a at ET a ene 
‘ 


a ee or eee 


1982 


eee: ames 6 coe 


ee ee ee ee ee me oe 


Figure 3 


FORECAST ACID GAS EMISSIONS 


Jn 
\ Yt ee ee ee ee ee 
\ 
WA 
\s 
1984 1986 1988 1990 


YEAR 


Original forecasts of January 1981 
Latest forecasts 


Latest forecast adjusted with 
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